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On  tie  ExiSTBNCB  of  a  Hbad-Kibney  in  the  Embryo  Chick, 
and  on  Cbetatn  Points  in  the  Dbvblopubnt  of  the  Mullb- 
EiAN  Duct.  By  F.  M.  Balfoue,  M.A.,  Fellow  of  Trinity 
College,  Cambridge;  and  Adam  Sedgwick,  B.A.,  Scholar 
of  Trinity  College,  Cambridge.    (With  Plates  I  and  II). 

The  following  paper  is  divided  into  three  sections.  The  first 
of  these  records  the  existence  of  certain  structores  in  the  embryo 
chick,  which  eventually  become  in  part  the  abdominal  opening 
of  the  Miillerian  duct,  and  which,  we  believe,  correspond  with  the 
head-kidney,  or  *' Vorniere^'  of  Oerman  authors.  Ths  second 
deals  with  the  growth  and  development  of  the  Miillerian  duct. 
With  reference  to  this  we  have  come  to  the  conclusion  that  the 
Miillerian  duct  does  not  develop  entirely  independently  of  the 
Wolffian  duct.  The  third  section  of  our  paper  is  of  a  more 
general  character,  and  contains  a  discussion  of  the  rectifications 
in  the  views  of  the  homologies  of  the  parts  of  the  excretory 
system  in  Aves,  necessitated  bv  the  results  of  our  investigations. 

We  have,  as  far  as  possible,  avoided  entering  into  the  ex- 
tended literature  of  the  excretory  system,  since  this  has  been 
very  fully  given  in  three  general  papers  which  have  recently 
appeared  by  Semper,^  Fiirbrin^er,'  and  by  one  of  iis.* 

All  recent  observers,  including  Braun^  for  Eeptilia,  and  Egli^ 
for  Mammalia,  have  stated  that  the  Miillerian  duct  develops  as 
a  groove  in  the  peritoneal  epithelium,  which  is  continiied  back- 
ward as  a  primitively  solid  rod  in  the  space  between  the  Wolffian 
duct  and  peritoneal  epithelium. 

'  "Das  Urogenital  System  der  Plagiostomen."  'Arbeiten  a.  d.  Zool.- 
Zoot.  Institnt.  Wurzburg.' 

3  *'  Znr  Yergl.  Anat.  u.  Entwiok.  d.  Excretionsorgane  d.  Yertebraten." 
'  Morphologiscbes  Jahrbucb/  vol.  iv. 

*  "  On  the  Origin  and  History  of  the  Urino-genital  Organs  of  Yeris- 
brates."    *  Journal  of  Anat.  and  Pb^s.,'  vol.  x. 

*  *  Arbeiten  a.  d.  zool.-zoot.  Institut.  Wurzbnrg/  vol.  iv. 

*  *Beitr.  zur  Anat.  u.  Entwick.  d.  Geschleontsorgane/  Inang.  Diss., 
Zurich,  1876. 
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In  our  preliminary  account  we  stated,^  in  accordance  with  the 
general  view,  that  the  MiUlerian  duct  was  formed  as  a  groove, 
or  elongated  involution  of  the  peritoneal  epithelium  adjoin- 
ing the  Wolffian  duct.  We  have  now  reason  to  believe  that 
this  is  not  the  case.  In  the  earliest  condition  of  the  Miillerian 
duct  which  we  have  been  able  to  observe,  it  consists  of  three  suc- 
cessive open  involutions  of  the  peritoneal  epithelium,  connected 
together  by  more  or  less  well-defined  ridge-like  thickenings  of  the 
epithelium.  We  believe,  on  grounds  hereafter  to  be  stated,  that 
the  whole  of  this  formation  is  equivalent  to  the  head-kidney  of 
the  Icthyopsida.  The  head-kidney,  as  we  shall  continue  to  call 
it,  takes  its  origin  from  the  layer  of  thickened  epithelium  situated 
near  the  dorsal  angle  of  the  body  cavitv,  close  to  the  Wolffian  duct, 
which  has  been  known  since  the  publication  of  Waldeyer's  im- 
portant researches  as  the  germinal  epithelium.  The  anterior  of 
the  three  open  involutions  or  grooves  is  situated  some  little 
distance  behind  the  front  end  of  the  Wolffian  duct.  It  is  simply 
a  shallow  groove  in  the  thickest  part  of  the  germinal  epithelium, 
and  forms  a  corresponding  projection  into  the  adjacent  stroma. 
In  front  the  projection  is  separated  by  a  considerable  interval 
from  the  Wolffian  duct;  but  near  its  hindermost  part  it 
almost  comes  into  contact  with  the  Wolffian  duct.'  The  groove 
extends  in  all  for  about  five  of  our  sections,  and  then  terminates 
by  its  walls  becoming  gradually  continued  into  a  slight  ridge- 
lie  thickening  of  the  germinal  epithelium.  The  groove  arises 
as  a  simple  depression  in  a  linear  area  of  thickened  germinal 
epithelium.  The  linear  area  is,  however,  continued  very  con- 
siderably further  forward  than  the  groove,  and  sometimes  exhibits 
a  slight  central  depression,  which  might  be  regarded  as  a  forward 
contmuation  of  the  groove.  The  passage  from  the  groove  to 
the  ridge  may  best  be  conceived  by  supposing  the  groove  to  be 
suddenly  filled  up,  so  as  to  form  a  soUd  ridge  pointing  inwards 
towards  the  Wolffian  duct. 

The  ridge  succeeding  the  first  groove  is  continued  for  about 
six  sections,  and  is  considerably  more  promintot  at  its  posterior 
extremity  than  in  front.  It  is  replaced  by  groove  number  two, 
which  appears  as  if  formed  by  the  reverse  process  to  that  by 
which  the  ridge  arose,  viz.,  by  a  hollowing  out  of  the  ridge  on 
the  side  towards  the  body  cavity.  The  wall  of  the  second 
groove  is,  after  a  few  sections,  continued  into  a  second  ridge  or 
thickening  of  the  germinal  epithelium,  which,  however,  is  so 
faintly  marked  as  to  be  hardly  visible  in  its  middle  part.  In  its 
turn  this  ridge  is  replaced  by  the  third  and  last  groove.  This 
vanishes  after  one  or  two  sections,  and  behind  the  point  of  its 
disappearance  we  have  failed  to  find  any  further  traces  of  the 
^  '  Proceedings  of  Eoyal  Society,  1878/ 
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head-kidnej.  The  whole  formation  extends  through  about 
twenty-four  of  our  sections  and  one  and  a  half  segments  (muscle- 
plates)  . 

We  have  represented  (Plate  I,  Series  a,  Nos.  1—10)  a  fairly 
complete  series  of  sections  through  part  of  the  head-kidney  of 
an  embryo  slightly  older  than  that  last  described^  containing 
the  second  and  third  grooves  and  accessory  parts.  The  connection 
between  the  grooves  and  the  ridges  is  very  well  illustrated  in 
Nos.  3,  4,  and  5,  of  this  series.  In  No.  3  we  have  a  pro- 
minent ridge,  in  the  interior  of  which  there  appears  in  No.  4 
a  groove,  which  becomes  gradually  wider  in  Nos.  5  and  6. 
Both  the  grooves  and  ridges  are  better  marked  in  this  than  in 
the  younger  stage;  but  the  chief  difiFerence  between  the  two 
stages  consists  in  the  third  groove  no  longer  forming  the  hin- 
dermost  limit  of  the  head-kidney.  Instead  of  this,  the  last 
groove  (No.  7)  terminates  by  the  upper  part  of  its  walls  becoming 
constricted  off  as  a  separate  rod,  which  appears  at  first  to  contain 
a  lumen  continuous  with  the  open  groove.  This  rod  (Nos.  7,  8, 
9,  10)  situated  between  the  germinal  epithelium  and  Wolffian 
duct  is  continued  backward  for  some  sections.  It  finally  termi- 
nates by  a  pointed  extremity,  composed  of  not  more  than  two 
cells  abreast  (Nos.  8—10). 

Our  third  stage,  sections  of  which  are  represented  in  series  b 
(Plate  I),  is  considerably  advanced  beyond  that  last  described. 
The  most  important  change  which  has  been  effected  concerns 
the  ridcres  connecting  the  successive  grooves.  A^  lumen  has 
appeared  in  each  of  these,  which  seems  to  open  at  both  ends 
into  the  adjacent  grooves.  At  the  same  time  the  cells,  which 
previously  constituted  the  ridge,  have  become  (except  where  they 
are  continuous  with  the  walls  of  the  grooves)  partially  con- 
stricted off  from  the  germinal  epithelium.  The  ridges,  in  fact, 
now  form  ducts  situated  in  the  stroma  of  the  ovarian  ridge,  in 
the  space  between  the  Wolffian  duct  and  the  germinal  epithe- 
lium. The  duct  continuous  with  the  last  groove  is  somewhat 
longer  than  before.  In  a  general  way,  the  head-kidney  may  now 
be  described  as  a  duct  opening  into  the  body  cavity  by  three 
groove-like  apertures,  and  continuous  behind  with  the  rudiment 
of  the  true  MtQlerian  duct.  Although  the  general  constitution 
of  the  head-kidney  at  this  stage  is  fairly  simple,  there  are  a  few 
features  in  our  sections  which  we  do  not  fully  understand, 
and  a  few  points  about  the  organ  which  deserve  a  rather  fuller 
description  than  we  have  given  in  this  general  sketch. 

The  anterior  groove  (No.  1 — 8,  series  b,  PI.  I)  is  at  first 
somewhat  separated  from  the  Wolffian  duct,  but  approaches 
close  to  it  in  No.  3.  In  Nos.  2  and  3  there  appears  a  rod-like 
body  on  the  outer  side  of  the  walls  of  the  grooTe.    In  No.  2 
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this  body  is  disconnected  with  the  walls  of  the  groove^  and  even 
appears  as  if  formed  by  a  second  invagination  of  the  germinal 
epithelium.  In  No.  3  this  body  becomes  partially  continuons 
with  the  walls  of  the  groove^  and  finally  in  No.  4  it  becomes 
completely  continuous  with  the  walls  of  the  groove,  and  its  lumen 
communicates  freely  with  the  groove.^ 

The  last  trace  of  this  body  is  seen  on  the  upper  wall  of  the  groove 
in  No.  5.  We  believe  that  the  body  (r^)  represents  the  ridge 
between  the  first  and  second  grooves  of  the  earlier  stage ;  so  that 
in  passing  from  No.  3  to  No.  5  we  pass  from  the  first  to  the 
second  groove.  The  meaning  of  the  features  of  the  body  r^  in 
No.  2  we  do  not  fully  understand,  but  cannot  regard  them  as 
purely  accidental,  since  we  have  met  with  more  or  less  similar 
features  in  other  series  of  sections.  The  second  groove  becomes 
gradually  narrower,  and  finally  is  continued  into  the  second  ridge 
(No.  8).  The  ridge  contains  a  lumen,  and  is  only  connected 
with  the  germinal  epithelium  by  a  narrow  wall  of  cells.  A 
narrow  passage  from  the  body  cavity  leads  into  that  wall  for  a 
short  distance  in  No.  8^  but  it  is  probably  merely  the  hinder  end 
of  the  groove  of  No  7.  The  third  groove  appears  in  No.  11, 
and  opens  into  the  lumen  of  the  second  ridge  (rj)  in  No.  12.  In 
No.  13  the  groove  is  closed,  and  there  is  present  in  its  place  a 
duct  (fg)  connected  with  the  germinal  epithelium  by  a  wall  of 
cells.  This  duct  is  the  further  development  of  the  third  ridge  of 
the  last  stage ;  its  lumen  opens  into  tne  body  cavity  through  the 
third  and  last  groove  (^r^ .  In  the  next  section  this  duct  (r,) 
is  entirely  separated  from  the  germinal  epithelium,  and  it  may 
be  traced  backwards  through  several  sections  until  it  terminates 
by  a  solid  point,  very  much  as  in  the  last  stage. 

In  the  figures  of  this  series  (b)  there  may  be  noticed  on 
the  outer  side  of  the  Miillerian  duct  a  fold  of  the  germinal 
epithelium  (a?)  forming  a  second  groove.  It  is  especially  conspicuous 
in  the  first  six  sections  of  the  series.  This  fold  sometimes 
becomes  much  deeper,  and  then  forms  a  groove,  the  upper  end 
of  which  is  close  to  the  grooves  of  the  head-kidney.  It  is 
very  often  much  deeper  than  these  are,  and  without  careful  study 
might  easily  be  mistaken  for  one  of  these  grooves.  Fig.  c, 
taken  from  a  series  slightly  younger  than  b,  shows  this  groove 
{»)  in  its  most  exa^erated  form. 

The  stage  we  have  just  described  is  that  of  the  fullest  develop- 
ment of  the  head-kidney.  lu  it,  as  in  all  the  previous  stages, 
there  appear  to  be  only  three  main  openings  into  the  body-cavity ; 
but  we  have  met  in  some  of  our  sections  with  indications  of  the 
possible  presence  of  one  or  two  extra  rudimentary  grooves. 

1  A  deep  focus  of  the  rather  thick  lection  represented  in  No.  8 
shewed  the  body  much  more  nearly  in  the  position  it  oeeupies  in  No.  4. 
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In  an  embryo  not  very  much  older  than  the  one  last  described 
the  atrophy  of  the  head-kidney  is  nearly  completed,  and  there  is 
present  bat  a  single  groove  opening  into  the  body  cavity. 

In  series  d  (PL  II)  are  represented  a  number  of  sections 
from  an  embryo  at  this  stage.  Nos.  1  and  2  are  sections  through 
the  hind  end  of  the  single  groove  now  present.  Its  walls  are 
widely  separated  from  the  WolfiSan  duct  in  front,  but  approach 
close  to  it  at  the  hinder  termination  of  the  groove  (No.  2).  The 
features  of  the  single  groove  present  at  this  stage  agree  closely 
with  those  of  the  anterior  groove  of  the  previous  stages.  The 
groove  is  continued  into  a  duct — ^the  Miillerian  duct  (as  it  may 
now  be  called,  but  in  a  previous  stage  the  hollow  ridge  connecting 
the  first  and  second  grooves  of  the  head-kidney) — which,  after 
becoming  nearly  separated  from  the  germinal  epithelium,  is  again 
connected  to  it  by  a  mass  of  cells  at  two  points  (Nos.  5,  6,  and 
8).  The  germinal  epithelium  is  slightly  grooved  and  is  much 
reduced  in  thickness  at  these  points  of  contact  (  gr>i  and  gr^y  and 
we  believe  that  they  are  the  remnants  of  the  posterior  grooves  of 
the  head-kidney  present  at  an  earlier  stage. 

The  Miillerian  duct  has  by  this  stage  grown  much  further 
backwards,  but  the  peculiarities  of  this  part  of  it  are  treated  in  a 
subsequent  section. 

We  consider  that,  taking  into  account  the  rudiments  we  have 
just  described,  as  well  as  the  fact  that  the  features  of  the  single 
groove  at  this  stage  correspond  with  those  of  the  anterior  groove 
at  an  earlier  stage,  we  are  fully  justified  in  concluding  that  the 
permanent  abdominal  opening-^/  the  Mullerian  duct  correiponds 
with  the  anterior  of  our  three  groovee. 

Although  we  have,  on  account  of  their  indeflniteness,  avoided 
giving  the  ages  of  the  chicks  in  which  the  successive  changes  of 
the  head-kidbaey  may  be  observed,  we  may,  perhaps,  state  that  all 
the  changes  we  have  described  are  usually  completed  between 
the  90th  and  I20th  hour  of  incubation. 

The  Olomerulus  of  the  Head-Kidney, 
In  connection  with  the  head-kidney  in  Amphibians  there  is 
present,  as  is  well  known,  a  peculiar  vascular  Dody  usually  de- 
scribed as  the  glomerulus  of  the  head-kidney.  We  have  found 
in  the  chick  a  body  so  completely  answering  to  this  glomerulus 
that  we  have  hardly  any  hesitation  in  identifying  it  as  such. 

In  the  chick  the  glomerulus  is  paired,  and  consists  of  a  vascular 
outgrowth  or  ridge  projecting  into  the  body  cavity  on  each  side 
at  the  root  of  the  mesentery.  It  extends  from  the  anterior  end 
of  the  Wolffian  body  to  the  point  where  the  foremost  opening 
of  the  head-kidney  commences.  We  have  found  it  at  a  period 
^lightly  earlier  than  that  of  the  first  development  of  the  head* 


Digiti 


zed  by  Google 


6  F.  H.  BALTOUB. 

kidney.  It  is  represented  in  figs,  s  and  f^  PI.  II  gl,  and  is 
seen  to  form  a  somewhat  irregular  projection  into  the  body 
caviir,  covered  by  a  continuation  of  the  peritoneal  epithelium^  and 
attached  by  a  narrow  stalk  to  the  insertion  of  the  embryonic 
mesentery  (me). 

In  the  interior  of  this  body  is  seen  a  stroma  with  numerous 
vascular  channels  and  blood  corpuscles,  and  a  vascular  connec- 
tion is  apparently  becoming  established,  if  it  is  not  so  already, 
between  the  glomerulus  and  the  aorta.  We  have  reason  to  think 
that  the  corpuscles  and  vascular  channels  in  the  glomerulus  are 
developed  in  situ.  The  stalk  connecting  the  glomerulus  with 
the  attachment  of  the  mesentery  varies  in  thickness  in  different 
sections,  but  we  believe  that  the  glomerulus  is  continued  un- 
broken throughout  the  very  considerable  region  through  which 
it  extends.  This  point  is,  however,  difficult  to  make  sure  of 
owing  to  the  facility  with  which  the  glomerulus  breaks  away. 

At  the  stage  we  are  describing,  no  true  Malpighian  bodies  are 
present  in  the  part  of  the  Wolffian  body  on  the  same  level 
with  the  anterior  end  of  the  glomerulus,  but  the  Wolffian  body 
merely  consists  of  the  Wolffian  duct.  At  the  level  of  the  pos- 
terior part  of  the  domerulus  this  is  no  longer  the  case,  but  here 
a  regular  series  of  primary  Malpighian  bodies  is  present  (using 
the  term  ''primary  *  to  denote  the  Malpighian  bodies  developed 
directly  out  of  part  of  the  primarv  segmental  tubes),  and  the 
glomerulus  of  the  head-kidney  m^  frequently  be  seen  in  the  same 
section  as  a  Malpighian  body.  Li  most  sections  the  two  bodies 
appear  quite  disconnected,  but  in  those  sections  in  which  the 
glomerulus  of  the  Malpighian  body  comes  into  view  it  is  seen  to 
be  derived  from  the  same  formation  as  the  glomerulus  of  the 
head-kidney  (Plate  II,  fig.  f).  It  would  seem,  in  fact,  that  the 
vascular  tissue  of  the  glomerulus  of  the  head-kidney  grows  into  the 
concavity  of  the  Malpighian  bodies.  Owing  to  the  stage  we  are 
now  describing,  in  which  we  have  found  the  glomerulus  most  fully 
developed,  being  prior  to  that  in  which  the  head-kidney  appears, 
it  is  not  possible  to  determine  with  certainty  the  position  of  the 
glomerulus  in  relation  to  the  head-kidney.  After  the  develop- 
ment of  the  head-kidney  it  is  found,  however,  as  we  have  already 
stated,  that  the  glomerulus  terminates  at  a  point  just  in  front  of 
the  anterior  opening  of  the  head-kidney.  It  is  less  developed 
than  before,  but  is  still  present  up  to  the  period  of  the  atrophy 
of  the  head-kidney.  It  does  not  apparently  alter  in  constitu- 
tion, and  we  have  not  thought  it  worth  while  giving  any  further 
representations  of  it  during  the  later  stages  of  its  existence. 

'  Summary  of  the  development  of  the  head-kidney  and  glomerulus. 
— ^The  first  rudiment  of  the  head-kidney  arises  as  three  successive 
grooves  in  the  thickened  germinal  epithelium,  connected  by  ridges, 
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and  situated  some  way  behind  the  front  end  of  the  Wolffian  duct. 
In  the  next  stage  the  three  ridges  connecting  the  grooves  have 
become  more  marked^  and  in  each  of  them  a  lumen  has  appeared, 
opening  at  both  extremities  into  the  adjoining  grooves.  Stul  later 
the  ridges  become  more  or  less  completelv  detached  from  the 
peritoneal  epithelium,  and  the  whole  head-iddney  then  consists 
of  a  slightly  convoluted  duct,  with,  at  the  least,  three  peritoneal 
openings,  which  is  posteriorly  continued  into  the  Mtillerian  duct. 
Still  later  the  head-kidney  atrophies,  its  two  posterior  openings 
vanishing,  and  its  anterior  opening  remaining  as  the  permanent 
opening  of  the  Miillerian  auct.  The  glomerulus  arises  as  a 
vascular  prominence  at  the  root  of  the  mesentery,  slightly  prior 
in  point  of  time  to  the  head-kidney,  and  slightly  more  forward 
than  it  in  position.    We  have  not  traced  its  atrophy. 

We  stated  in  our  preliminary  paper  that  the  peculiar  struc- 
tures we  had  interpreted  as  the  head-kidney  had  completely 
escaped  the  attention  of  previous  observers,  though  we  called 
attention  to  a  well-known  figure  of  Waldeyer's  (copied  in  the 
'Elements  of  Embryology,'  fig,  51).  In  this  figure  a  connec* 
tion  between  the  germinal  epithelium  and  the  Miillerian  duct  is 
drawn,  which  is  probably  part  of  the  head-kidney,  and  may  be 
compared  with  our  figures  (Series  b.  No.  8,  and  Series  d.  No.  4). 
Smce  we  made  the  above  statement.  Dr.  Gasser  has  cidled  our 
attention  to  a  passage  in  his  valuable  memoir  on  '  The  Develop- 
ment of  the  AUantois,'^  in  which  certain  structures  are  described 
which  are,  perhaps,  identical  with  our  head-kidney.  The  fol- 
lowing is  a  translation  of  the  passage : — 

"  In  the  upper  region  of  Miiller's  duct  I  have  often  observed 
small  canals,  especially  in  the  later  stages  of  development,  which 
appear  as  a  kind  of  doubling  of  the  duct,  and  run  for  a  short 
distance  close  to  Miiller's  duct  and  in  the  same  direction,  open- 
ing, however,  into  the  body  cavity  posterior  to  the  main  duct. 
Further,  one  may  often  observe  diverticula  from  the  extreme 
anterior  end  of  the  oviduct  of  the  bird,  which  form  blind  pouches 
and  give  one  the  impression  of  being  receptacula  seminis.  Both 
these  appearances  can  quite  well  be  accounted  for  on  the  supposi- 
tion that  an  abnormal  communication  is  effected  between  the 
germinal  epithelium  and  Miiller's  duct  at  unusual  places;  or 
else  that  an  attempt  at  such  a  communication  is  made,  resulting, 
however,  only  in  the  formation  of  a  diverticulum  of  the  wall  of 
the  oviduct.*' 

The  statement  that  these  accessory  canals  are  late  in  developing, 
prevents  us  from  feeling  quite  confident  that  they  really  cor- 
respond with  our  head-kidney. 

^  'Beitrage  Ear  Entwick  longsgeschiohte  d.  Allsntois  der  Muller'schen 
Gange  n.  des  Afters.'    Prankfort,  1874. 
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Before  passing  on  to  the  other  parts  of  this  paper  it  is  necessary 
to  say  a  few  words  in  instification  of  the  comparison  we  have 
made  between  the  modified  abdominal  extremity  of  the  MiUlerian 
duct  in  the  chick  and  the  head-kidney  of  the  Icthyopsida. 

For  the  fullest  statement  of  what  is  known  with  reference  to  the 
anatomy  and  development  of  the  head-kidney  in  the  lower  types 
we  may  refer  to  Spengel  and  Fiirbringer.^  We  propose  ourselves 
merelv  giving  a  sufficient  account  of  the  head-kidney  in  Amphibia 
(which  appears  to  be  the  type  in  which  the  head-kidney  can  be 
most  advantageously  compared  with  that  in  the  bird)  to  bring 
out  the  grounds  for  our  determination  of  the  homologies. 

The  development  of  the  head-kidney  in  Amphibia  has  been 
fully  elucidated  by  the  researches  of  W.  Miiller,*  Gotte/  and 
Fiirbringer,*  while  to  the  latter  we  are  indebted  for  a  knowledge 
of  the  development  of  the  Mtillerian  duct  in  Amphibians.  The 
&:st  part  of  the  urino-genital  system  to  develop  is  the  segmental 
duct  (Vomieregang  of  Fiirbringer),  which  is  formed  by  a  groove- 
like invagination  of  the  peritoneal  epithelium.  It  becomes  con- 
stricted into  a  duct  first  of  all  in  the  middle^  but  soon  in  the  pos- 
terior part  also.  It  then  forms  a  duct,  ending  in  front  by  a  groove 
in  free  communication  with  the  body  cavity,  and  terminating 
blindly  behind.  The  open  groove  in  front  at  first  deepens,  and 
then  becomes  partially  constricted  into  a  duct,  which  elongates 
and  becomes  convoluted,  but  remains  in  communication  with  the 
body  cavity  by  from  two  to  four  (according  to  the  species) 
separate  openings.  The  manner  in  which  the  primitive  single 
opening  is  related  to  the  secondary  openings  is  not  fully  under- 
stood. By  these  changes  there  is  formed  out  of  the  primitive 
groove  an  anterior  glandular  body,  communicating  with  the  body 
cavitv  by  several  apertures,  and  a  posterior  duct,  which  carries 
off  the  secretion  of  the  gland,  and  which,  though  blind  at  first, 
eventually  opens  into  the  cloaca.  In  addition  to  these  parts  there 
is  also  formed  on  each  side  of  the  mesentery,  opposite  the  peri- 
toneal openings,  a  very  vascular  projection  into  this  part  of  the 
body  cavity,  which  is  known  as  the  glomerulus  of  the  head- 
kidney,  and  which  very  closely  resembles  in  structure  and  posi- 
tion the  body  to  which  we  have  assigned  the  same  name  in  the 
chick. 

The  nrimitive]  segmental  duct  is  at  first  only  the  duct  for 
the  heaa-kidney,  but  on  the  formation  of  the  posterior  parts  of 
the  kidney  (Wolffian  body,  &c.)  it  becomes  the  duct  for  these 
also. 

^  Loc.  cit. 

'  '  Jenaisohe  Zeitsohrift/  vol.  ix,  1875. 

'  '  EntwickeluBgsgeachiohte  d.  IJnke/ 

*  lioc.  cit. 
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After  the  Wolffian  bodies  have  attamed  to  a  considerable  deve- 
lopment^ the  head-kidney  undergoes  atrophy^  and  its  peritoneal 
openings  become  successively  closed  from  before  backwards. 
At  this  period  the  formation  of  the  Miillerian  dact  takes 
place.  It  is  a  solid  constriction  of  the  ventral  or  lateral  wall 
of  the  segmental  duct,  which  subsequently  becomes  hollow,  and 
acquires  an  opening  into  the  body  cavity  quite  independent  of 
the  openings  of  the  head-kidney. 

The  similarity  in  development  and  structure  between  the 
head-kidney  in  Amphibia  and  the  body  we  have  identified  as  such 
in  Aves,  is  to  our  minds  too  striking  to  be  denied.  Both  consist 
of  two  parts — (1)  a  somewhat  convoluted  longitudinal  canal^ 
witli  a  certain  number  of  peritoneal  openings;  (2)  a  vascular 
prominence  at  the  root  of  the  mesent^,  which  forms  a  glo- 
merulus. As  to  the  identity  in  position  of  the  two  organs  we 
hope  to  deal  with  that  more  fully  in  speaking  of  the  general 
structure  of  the  excretory  system,  but  may  say  that  one  of  us^ 
has  already,  on  other  grounds,  attempted  to  show  that  the  ab- 
dominal ojpening  of  the  Miillerian  duct  in  the  bird  is  the  homo- 
logue  of  the  abdominal  opening  of  the  segmental  duct  inAmphibia^ 
Elasmobranchii,  &c.,  and  that  we  believe  that  this  homology  will 
be  admitted  by  most  anatomists.  If  this  homology  is  admitted, 
the  identity  in  position  of  this  organ  in  Avea  and  Amphibia 
necessarily  follows.  The  most  striking  difference  between 
Aves  and  Amphibia  in  relation  to  these  structures  is  the  fact 
that  in  Aves  the  anterior  pore  of  the  head-kidney  remains  as  the 
permanent  opening  of  the  Miillerian  duct,  while  in  Amphibia, 
the  pores  of  the  head-kidney  atrophy,  and  an  entirely  fresh 
abdominal  opening  is  formed  for  the  Miillerian  duct. 

II. 

The  Orowth  of  the  Miillerian  Duet. 

Although  a  great  variety  of  views  have  been  expressed  by 
different  observers  on  the  growth  of  the  Miillerian  duct,  it  is 
now  fairly  generally  admitted  that  it  grows  in  the  space  between 
a  portion  of  the  tnickened  germinal  epithelium  aftd  the  Wolffian 
duct,  but  quite  independently  of  both  of  them.  Both  Braun 
and  Egli,  who  have  specially  directed  their  attention  to  this 
point,  have  for  Beptilia  and  Mammalia  fully  confirmed  the  views 
of  previous  observers.  We  were,  nevertheless,  induced,  partly 
on  account  of  the  a  priori  difficulties  of  this  view,  and  partly  by 
certain  peculiar  appearances  which  we  observed,  to  undertake 
the  re-examination  of  this  point,  and  have  found  ourselves  unable 
altogether  to  accept  the  general  account.     We  propose   first 

*  Balfour,  "  Origin  and  History  of  Urinogenital  Organs  of  Vertebrates." 
*  Jonmal  of  Anat^  find  Fhys.,'  vol.  x,  and  "Monograph  on  Slasmobranoh 
Kshos/' 
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describing,  in  as  matter-of-fact  a  way  as  possible,  the  actual 
observations  we  have  made,  and  then  stating  what  conclusions 
we  think  mav  be  drawn  from  these  observations. 

We  have  found  it  necessary  to  distinguish  three  stages  in  the 
growth  of  the  Mullerian  duct.  Our  first  stage  embraces  the 
period  prior  to  the  disappearance  of  the  head-kidnev.  At  this 
stage  the  structure  we  nave  already  spoken  of  as  tne  rudiment 
of  the  Miillerian  duct  consists  of  a  solid  rod  of  cells,  continu- 
ous with  the  third  groove  of  the  head-kidney.  It  extends 
through  a  very  few  sections,  and  terminates  by  a  fine  point  of  about 
two  cells,  wedged  in  1)etween  the  Wolffian  duct  and  germinal 
epithelium  (described  above.  No.  7 — 10,  series  a,  Plate  I). 

In  an  embryo  slightly  older  than  the  above,  such  as  that 
from  which  series  b  was  taken,  but  still  belonging  to  our  first 
stage,  a  definite  lumen  appears  in  the  anterior  part  of  the 
Miillerian  duct,  which  vanishes  after  a  few  sections.  The  duct 
terminates  in  a  point  which  lies  in  a  concavity  of  the  wall  of  the 
Wolffian  duct  (Plate  I,  Nos.  1  and  2,  series  o).  The  limits 
of  the  Wolffian  wall  and  the  pointed  termination  of  the  Miiller- 
ian duct  are  in  many  instances  quite  distinct;  but  the  outline 
of  the  Wolffian  duct  appears  to  be  carried  round  the  Miillerian 
duct,  and  in  some  instances  the  terminal  point  of  the  Mullerian 
duct  seems  almost  to  form  an  integral  part  of  the  wall  of  the 
Wolffian  duct. 

The  second  of  our  stages  corresponds  with  that  in  which  the 
atrophy  of  the  head-kidney  is  nearly  complete  (series  d  and  h, 
Plate  II). 

The  Miillerian  duct  has  by  this  stage  made  a  very  marked 
progress  in  its  growth  towards  the  cloaca,  and,  in  contradistinction 
to  the  earlier  stage,  a  lumen  is  now  continued  close  up  to  the 
terminal  point  of  the  duct.  In  the  two  or  three  sections  before 
it  ends  it  appears  as  a  distinct  oval  mass  of  cells  (No.  10,  series 
D,  and  No.  1,  series  h),  without  a  lumen,  lying  between  and 
touching  the  external  wall  of  the  Wolffian  duct  on  the  one  hand, 
and  the  germinal  epithelium  on  the  other.  It  may  either  lie  on 
the  ventral  side  of  the  Wolffian  duct  (series  d),  or  on  the  outer 
side  (series  h),  but  in  either  case  is  opposite  the  maximum 
thickening  of  that  part  of  the  germinal  epithelium  which  always 
accompanies  the  Miillerian  duct  in  its  backward  growth. 

In  the  last  section  in  which  any  trace  of  the  Mullerian  duct 
can  be  made  out  (series  d,  No.  11,  and  series  h.  No.  2),  it 
has  no  longer  an  oval,  well-defined  contour,  but  appears  to 
have  completely  fused  with  the  wall  of  the  Wolffian  duct,  which 
is  accordingly  very  thick,  and  occupies  the  space  which  in  the 

frevious  section  was  filled  by  its  own  wall  and  the  Miillerian  duct, 
n  the  following  section   the  thickening  in  the   wall  of  the 
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Wol£San  duct  has  disappeared  (Plate  IIj  series  h^  No.  S)^  and 
every  trace  of  the  Miulerian  duct  has  vanished  from  view. 
The  Wol£Bau  duct  is  on  one  side  in  contact  with  the  germinal 
epithelium. 

The  stage  during  which  the  condition  above  described  lasts 
is  not  of  long  duration^  but  is  soon  succeeded  by  our  third 
stage^  in  which  a  fresh  mode  of  termination  of  the  MiiUerian 
duct  is  found.  (Plate  11^  series  i) .  This  last  stage  remains 
up  to  about  the  close  of  the  sixth  day^  beyond  which  our  investi- 
gations do  not  extend. 

A  typical  series  of  sections  through  the  terminal  part  of  the 
Miillerian  duct  at  this  stage  presents  the  following  features : 

A  few  sections  before  its  termination  the  MiiUerian 
duct  appears  as  a  well-defined  oval  duct  lying  in  contact 
with  the  wall  of  the  Wolffian  duct  on  the  one  hand 
and  the  germinal  epithelium  on  the  other  (series  i,  No,  1). 
Gradually,  however,  as  we  pass  backwards,  the  Miillerian 
duct  dilates ;  the  external  wall  of  the  Wolf&an  duct  adjoining  it 
becomes  greatly  thickened  and  pushed  in  in  its  middle  part,  so 
as  almost  to  touch  the  opposite  wall  of  the  duct,  and  so  form  a 
bay  in  which  the  Miillerian  duct  lies  (Plate  II,  series  i,  Nos. 
2  and  3).  As  soon  as  the  Miillerian  duct  has  come  to  lie  in 
this  bay  its  walls  lose  their  previous  distinctness  of  outline^ 
and  the  cells  composing  them  assume  a  curious  vacuolated 
appearance.  No  well-defined  line  of  separation  can  any  longer 
be  traced  between  the  walls  of  the  Wolffian  duct  and  those  of 
the  Miillerian,  but  between  the  two  is  a  narrow  clear  space 
traversed  by  an  irregular  network  of  fibres,  in  some  of  the 
meshes  of  which  nuclei  are  present. 

The  Miillerian  duct  may  oe  traced  in  this  condition  for  a  con- 
siderable number  of  sections,  the  peculiar  features  above  de- 
scribed becoming  more  and  more  marked  as  its  termination  is 
approached.  It  continues  to  dilate  and  attains  a  maximum  size 
in  the  section  or  so  before  it  disappears.  A  lumen  may  be 
observed  in  it  up  to  its  very  end,  but  is  usually  irregular  in 
outline  and  frequently  traversed  by  strands  of  protoplasm.  The 
Miillerian  duct  finally  terminates  quite  suddenly  (Plate  II, 
series  i,  No.  4),  and  in  the  section  immediately  behind  its  ter- 
mination the  Wolffian  duct  assumes  its  normal  appearance,  and 
the  part  of  its  outer  wall  on  the  level  of  the  Miillerian  duct 
comes  into  contact  with  the  germinal  epithelium  (Plate  II, 
series  i,  No.  5). 

We  have  traced  the  growing  point  of  the  Miillerian  duct  with 
the  above  features  till  not  far  from  the  cloaca,  but  we  have  not 
followed  the  last  phases  of  its  growth  and  its  final  opening 
into  the  cloaca. 
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In  some  of  our  embryos  we  have  noticed  certain  rather  pecu- 
liar structures^  an  example  of  which  is  represented  at  y  in  lig.  k^ 
taken  from  an  embryo  of  123  hours^  in  which  all  traces  of  the 
head^kidney  had  disappeared.  It  consists  of  a  cord  of  cells^ 
connecting  the  Wolffian  duct  and  the  hind  end  of  the  abdominal 
opening  of  the  Miillerian  duct.  At  the  least  one  similar  cord 
was  met  with  in  the  same  embryo^  situated  just  behind  the  ab- 
dominal opening  of  the  Miillerian  duct.  We  have  found  similar 
structures  in  other  embryos  of  about  the  same  age,  though  never 
so  well  marked  as  in  the  embryo  from  which  fig.  k  is  taken. 
We  have  quite  failed  to  make  out  the  meaning,  if  any,  of  them. 

Our  interpretation  of  the  appearances  we  have  described  in 
connection  with  the  growth  of  the  Miillerian  duct  can  be  stated 
in  a  very  few  words.  Our  second  stage,  where  the  solid  point 
of  the  Miillerian  duct  terminates  by  fusing  with  the  walls  of 
the  Wolffian  duct,  we  interpret  as  meaning  that  the  Miillerian 
is  growing  backwards  as  a  solid  rod  of  cells,  split  off  from  the 
outer  wall  of  the  Wolffian  duct ;  in  the  same  manner,  in  fact,  as 
in  Amphibia  and  Elasmobranchii.  The  condition  of  the  terminal 
part  of  the  Miillerian  duct  during  our  third  stage  cannot,  we 
think,  be  interpreted  in  the  same  way,  but  the  peculiarities  of  the 
cells  of  both  Miillerian  and  Wolffian  ducts,  and  the  indistinctness 
of  the  outlines  between  them,  appear  to  indicate  that  the 
Miillerian  duct  grows  by  cells  passing  from  the  Wolffian  duct 
to  it.  In  fact,  although  in  a  certain  sense  the  growth  of  the 
two  ducts  is  independent,  yet  the  actual  cells  which  assist  in 
the  growth  of  the  Miillerian  duct  are,  we  believe,  derived  from 
the  walls  of  the  Wolffian  duct. 

III. 

General  Considerations. 

The  excretory  system  of  a  typical  Vertebrate  consists  of  the 
following  parts : — 

1.  A  head-kidney  with  the  characters  already  described. 

2.  A  duct  for  the  head-kidney — the  segmental  duct. 

3.  A  posterior  kidney — (Wolffian  body,  permanent  kidney,  &c. 
The  nature  and  relation  of  these  parts  we  leave  out  of  consi- 
deration, as  they  have  no  bearing  upon  our  present  investigations.) 
The  primitive  duct  for  the  Wolffian  body  is  the  segmental  duct. 

4.  The  segmental  duct  may  become  split  into  {a)  a  dorsal  or 
inner  duct,  which  serves  as  ureter  (in  the  widest  sense  of  the 
word) ;  and  (6)  a  ventral  or  outer  duct,  which  has  an  opening 
into  the  body  cavity,  and  serves  as  the  generative  duct  for  the 
female,  or  for  both  sexes. 

^ese  parts  exhibit  consiclerable  variations  both  in  i}\&x  Btruc^ 
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tare  and  deyelopment,  into  some  of  which  it  is  necessary  for  us 
to  enter. 

The  head-kidney^  attains  to  its  highest  development  in  the 
Marsipobranchii  (Myxine^  Bdellostoma).  It  consists  of  a  lon- 
gitudinal canal^  from  the  ventral  side  of  which  numerous  tubules 
pass.  These  tubules^  after  considerable  subdivision^  open  by  a 
large  number  of  apertures  into  the  pericardial  cavity.  Erom 
the  longitudinal  canal  a  few  dorsal  diverticula^  provided  with 
glomeruli^  are  given  off. ,  In  the  young  the  longitudinal  canal 
is  continued  into  the  segmental  duct ;  but  this  connection  becomes 
lost  in  the  adult.  The  head-kidney  remains,  however,  through 
life.  In  Teleostei  and  Ganoidei  (?)  the  head-kidney  is  generaUy 
believed  to  remain  through  life,  as  the  dilated  cephalic  portion  of 
the  kidneys  when  such  is  present.  In  Petromyzon  and  Amphi- 
bia the  head-kidney  atrophies.  In  Elasmobranchii  the  head- 
kidney,  so  far  as  is  known,  is  absent. 

The  development  of  the  segmental  duct  and  head-kidney  (when 
present)is  still  more  important  for  our  purpose  than  their  adult 
structure. 

In  Myxine  the  development  of  these  structures  is  not  known. 
In  Amphibia  and  Teleostei  it  takes  place  upon  the  same  type, 
viz.,  by  the  conversion  of  a  groove-like  invagination  of  the  peri- 
toneal epithelium  into  a  canal  open  in  front.  The  head-kidney 
is  developed  from  the  anterior  end  of  this  canal,  the  opening  of 
which  remains  in  Teleostei  single  and  closes  early  in  embryonic 
life,  but  becomes  in  Amphibia  divided  into  two,  three,  or  four 
opening?.     In  Elasmobranchii  the  development  is  very  different. 

"  The  first  trace  of  the  urinary  system  makes  its  appearance  as 
a  knob  springing  from  the  intermediate  cell-mass  opposite  the 
fifth  proto-vertebra.  This  knob  is  the  rudiment  of  the  abdominal 
opening  of  the  segmental  duct,  and  from  it  there  grows  backwards 
to  the  level  of  the  anus  a  solid  column  of  cells,  which  constitutes 
the  rudiment  of  the  segmental  duct  itself.  The  knob  projects 
towards  the  epiblast,  and  the  column  connected  with  it  lies 
between  the  mesoblast  and  epiblast.  The  knob  and  column  do 
not  long  remain  solid,  but  the  former  acquires  an  opening  into 

^  I  am  inclined  to  give  up  the  view  I  formerly  expressed  with  reference 
to  the  head-kidney  and  segmental  duct,  viz.  '*  that  they  were  to  be  regarded  as 
the  most  anterior  segmental  tube,  the  peritoneal  opening  of  which  had 
become  divided,  and  which  had  become  prolonged  backwards  so  as  to  serve 
as  the  duct  for  the  posterior  segmental  tubes,  and  provisionalli/  to  accept 
the  Qegenbaur-Ftirbringer  view  which  has  been  fully  worked  out  and  ably 
argued  for  by  Fiirbringer  (loc.  cit.  p.  96).  According  to  this  view  the  head- 
kidney  and  its  duct  are  to  be  looked  on  as  the  primitive  and  unsegmented 
part  of  the  excretory  system,  more  or  less  similar  to  the  excretorv  system 
of  many  Trematodes  and  unsegmented  Vermes.  The  segmental  tubes  I  re- 
gard as  a  truly  segmental  part  of  the  excretory  system  acquired  subse- 
quently.—F.  M.  B. 
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the  body-cavity  continuous  with  a  lumen,  which  makes  its  appear- 
ance in  the  latter/^ 

The  difference  in  the  development  of  the  segmental  duct  in  the 
two  types)  Amphibia  and  Elasmobranchii)  is  very  important.  In 
the  one  case  a  continuous  groove  of  the  peritoneal  epithelium 
becomes  constricted  into  a  canal^  in  the  other  a  solid  knob  of 
cells  is  continued  into  a  rod,  at  first  solid,  which  grows  backwards 
without  any  apparent  relation  to  the  peritoneal  epithelium 

The  abdominal  aperture  of  the  segmental  duct  in  Elasmobranchii, 
in  that  it  becomes  the  permanent  abdominal  opening  of  the  ovi- 
duct, corresponds  physiologically  rather  with  the  abdominal  open- 
ing of  the  Miillerian  duct  than  with  that  of  the  segmental  duct  of 
Amphibia,  which,  after  becoming  divided  up  to  form  the  pores  of 
the  head-kidney,  undergoes  atrophy.  Morphologically,  however, 
it  appears  to  correspond  with  the  opening  of  the  segmental  duct 
ill  Amphibia.  We  shall  allude  to  this  point  more  than  once  again, 
and  give  our  grounds  for  the  above  view  on  p.  19. 

The  development  of  the  segmental  duct  in  Elasmobranchii  as  a 
solid  rod  is,  we  hope  to  show,  of  special  importance  for  the 
elucidation  of  the  excretory  system  of  Aves. 

The  development  of  these  parts  Petromyzon  is  not  fully 
known,  but  from  W.  Miiller's  account  (^Jenaische  Zeitschrift,' 
1875)  it  would  seem  that  an  anterior  invagination  of  the  peri- 
toneal epithelium  is  continued  backwards  as  a  duct  (segmental 
duct),  and  that  the  anterior  opening  subsequently  becomes  divided 
up  into  the  various  apertures  of  the  head-kidney.    If  this  account 

*  In  a  note  on  p.  50  of  his  memoir  Fiirbringer  criticises  mj  description  of 
the  mode  of  growth  of  the  segmental  duct.  The  following  is  a  free  trans- 
lation of  what  he  says :  "  In  Balfour's,  as  in  other  descriptions,  an  account 
is  given  of  a  backward  growth,  which  easily  leads  to  the  supposition  of  a 
structure  formed  anteriorly  forcing  its  way  through  the  tissues  behind. 
This  is,  however,  not  the  case,  since,  to  my  knowledge,  no  author  has  ever 
detected  a  sharp  boundary  between  the  growing  point  of  the  segmental 
duct  (or  Miillerian  duct)  and  the  surrounding  tissues."  He  goes  on  to 
say  that  "  the  growth  in  these  cases  really  takes  place  bj  a  differentiation 
of  tissue  along  a  line  in  the  region  of  the  peritoneal  cavity.*'  Although  I 
fully  admit  that  it  would  be  far  easier  to  homologise  the  development  ofthe 
segmental  duct  in  Amphibia  and  Elasmobranchii  according  to  this  view,  I 
must  nevertheless  vindicate  the  accuracy  of  my  original  account.  I  have 
looked  over  my  specimens  again,  since  the  appearance  of  Dr.  Fiirbringer's 
paper,  and  can  find  no  evidence  of  the  end  of  the  duct  becoming  continuous 
with  the  adjoining  mesoblastio  tissues.  In  the  section,  before  its  dis- 
appearance, the  segmental  duct  may,  so  far  as  I  can  make  out,  be  seen  as  a 
very  small  but  distinct  rod,  which  is  much  more  closely  connected  with  the  epi- 
blast  than  with  any  other  laver.  Erom  Gasser's  observations  on  the  Wolffian 
duct  in  the  bird,  I  am  led  to  conclude  that  it  behaves  in  the  same  way 
as  the  segmental  duct  in  the  Elasmobranchii.  I  will  not  deny  that  it  is 
possible  that  the  growth  of  the  duct  takes  place  by  wandering  ceils,  but  on 
this  point  I  iiave  no  evidence,  and  must  therefore  leave  the  question  an 
open  one. — F.  M.  B. 
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is  correct,  Petromyzon  presents  a  type  intermediate  between 
Amphibia  and  Elasmobranchii.  In  certain  types,  viz.,  Marsipo- 
branchii  and  Teleostei,  the  segmental  duct  becomes  the  duct  for 
the  posterior  kidney  (segmental  tubes),  but  otherwise  undergoes 
no  further  differentiation.  In  the  majority  of  types,  however,  the 
case  is  different.  In  Amphibia,^  as  has  already  been  mentioned, 
a  solid  rod  of  cells  is  split  off  from  its  ventral  wall,  which  after- 
wards becomes  hollow,  acquires  an  opening  into  the  body  cavity, 
and  forms  the  Miillerian  duct. 

In  Elasmobranchii  the  segmental  duct  undergoes  a  more  or 
less  similar  division.  "  It  becomes  longitudinally  split  into  two 
complete  ducts  in  the  female,  and  one  complete  duct  and  parts  of 
a  second  in  the  male.  The  resulting  ducts  are  the  (1)  Wolffian 
duct  dorsally,  which  remains  continuous  with  the  excretory 
tubules  of  the  kidney,  and  ventrally  (2)  the  oviduct  or  Miillerian 
duct  in  the  female,  and  the  rudiments  of  this  duct  in  the  male. 
In  the  female  the  formation  of  these  ducts  takes  place  by  a  nearly 
solid  rod  of  cells,  being  gradually  split  off  from  the  ventral  side  of 
all  but  the  foremost  part  of  the  original  segmental  duct,  with 
the  short  undivided  anterior  part  of  which  duct  it  is  continuous 
in  front.  Into  it  a  very  small  portion  of  the  lumen  of  the  original 
segmental  duct  is  perhaps  continued.  The  remainder  of  the 
segmental  duct  (after  the  loss  of  its  anterior  section  and  the  part 
spUt  off  from  its  ventral  side)  forms  the  Wolffian  duct  The 
process  of  formation  of  the  ducts  in  the  male  chiefly  differs  from 
that  in  the  female,  in  the  fact  of  the  anterior  undivided  part  of 
the  segmental  duct,  which  forms  the  front  end  of  the  Miillerian 
duct,  being  shorter,  and  in  the  column  of  cells  with  which  it  is 
continuous  being  from  the  first  incomplete.'^ 

It  will  be  seen  from  the  above  that  the  Miillerian  duct  consists 
of  two  distinct  parts — an  anterior  part  with  the  abdominal  open- 
ing, and  a  posterior  part  split  off  from  the  segmental  duct.  This 
double  constitution  of  the  Miillerian  duct  is  of  great  importance 
for  a  proper  understanding  of  what  takes  place  in  the  Bu*d. 

The  Miillerian  duct  appears  therefore  to  develop  in  nearly  the 
same  manner  in  the  Amphibian  and  Elasmobranch  type,  as  a 
solid  or  nearly  solid  rod  split  off  from  the  ventral  wall  of  the 
segmental  duct.  But  there  is  one  important  difference  concern- 
ing the  abdominal  opening  of  the  duct.  In  Amphibia  this  is  a 
new  formation,  but  in  Elasmobranchii  it  is  the  original  open- 
ing of  the  segmental  duct.  Although  we  admit  that  in  a  large 
number  of  points,  including  the  presence  of  a  head-kidney,  the 
urino-genital  organs  of  Amphibia  are  formed  on  a  lower  type  than 
those  of  the  Elasmobranchii,  yet  it  appears  to  us  that  this  does 
not  hold  good  for  the  development  of  tne  Miillerian  duct. 
*  Fdrbringcr,  loc.  oit. 
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The  above  description  will^  we  trast,  be  sufficient  to  render 
clear  our  views  upon  the  development  of  the  excretory  system  in 
Aves. 

In  the  bird  the  excretory  system  consists  of  the  following  parts 
(using  the  ordinary  nomenclature)  which  are  developed  in  the 
order  below. 

1.  Wolffian  duct.  2.  Wolffian  body.  3.  Head-kidney.  4. 
Miillerian  duct.    5.  Permanent  kidney  and  ureter. 

About  2  and  5  we  shall  have  nothing  to  say  in  the  sequel. 

We  have  already  in  the  early  part  of  the  paper  given  an  account 
of  the  head-kidney  and  Miillerian  duct^  but  it  will  be  necessary  for 
us  to  say  a  few  words  about  the  development  of  the  Wolffian  duct 
(so  called).  Without  entering  into  the  somewhat  extended  litera- 
ture on  the  subject^  we  may  state  that  we  consider  that  the  recent 
paper  of  Dr.  Gasser^  supplies  us  with  the  best  extant  account  of 
the  development  of  the  Wolffian  duct. 

The  first  trace  of  it,  which  he  finds,  is  visible  in  an  embryo  with 
eisht  proto-vertebrse  as  a  slight  projection  from  the  intermediate 
cell  mass  towards  the  epiblast  in  the  region  of  the  three  'hinder- 
most  proto-vertebrse.  In  the  next  stage,  with  eleven  proto-verte- 
brse^  tne  solid  rudiment  of  the  duct  extends  from  the  fifth  to  the 
eleventh  proto-vertebra,  from  the  eighth  to  the  eleventh  proto- 
vertebra  it  lies  between  the  epiblast  and  mesoblast,  and  is  quite 
distinct  from  both,  and.  Dr.  Gasser  distinctly  states  that  in  its 
growth  backwards  from  the  eighth  proto-vertebra  the  Wolffian 
duct  never  comes  into  continuity  with  the  adjacent  layers. 

In  the  region  of  the  fifth  proto-vertebra,  where  the  duct  was 
originally  continuous  with  the  mesoblast,  it  has  now  become  free, 
but  is  still  attached  in  the  region  of  the  sixth  and  to  the  eighth 
proto-vertebra.  In  an  embryo  with  fourteen  proto-vertebrse 
the  duct  extends  from  the  fourth  to  the  fourteenth  proto-vertebra, 
and  is  now  free  between  epiblast  and  mesoblast  for  its  whole 
extent.  It  is  still  for  the  most  part  solid  though  perhaps  a  small 
lumen  is  present  in  its  middle  part.  In  the  succeeding  stages  the 
lumen  of  the  duct  gradually  extends  backwards  and  forwards,  the 
duct  itself  also  passes  inwards  till  it  acquires  its  final  position 
close  to  the  peritoneal  epithelium;  at  the  same  time  its  hind 
end  elongates  till  it  comes  into  connection  with  the  cloacal 
section  of  the  hind-gut.  It  should  be  noted  that  the  duct  in  its 
backward  growth  does  not  appear  to  come  into  continuity  with 
the  subjacent  mesoblast,  but  behaves  in  this  respect  exactly  as 
does  the  segmental  duct  in  Elasmobranchii  (vide  note  on  p.  14). 

The  question  which  we  propose  to  ourselves  is  the  following : — 
What  are  the  homologies  of  theparts  of  the  Avian  urinogenital 
system  above  enumerated  ?  The  Wolffian  duct  appears  to  us  mor- 
^  '  Arch,  fur  Mic.  Anat.,'  vol.  ziv. 
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phologically  to  correspond  in  pari  to  the  segmental  duct,^  or 
what  Jb^iirbringer  would  call  the  duct  of  the  head-kidney.  This 
may  seem  a  paradox,  since  in  birds  it  never  comes  into  relation  with 
the  head-kidney.  Nevertheless  we  consider  that  this  homology 
is  morphologically  established,  for  the  following  reasons  : — 

(1)  That  the  Wolffian  duct  gives  rise  (vide  supra,  p.  12)  to  the 
Miiilerian  duct  as  well  as  to  the  duct  of  the  Wolffian  body.  In 
this  respect  it  behaves  precisely  as  does  the  segmental  duct  of 
Elasmooranchii  and  Amphibia.  That  it  serves  as  the  duct  for 
the  Wolffian  body,  before  the  Miiilerian  duct  originates  from  it, 
is  also  in  accordance  with  what  takes  place  in  other  types. 

(2)  That  it  develops  in  a  strikingly  similar  manner  to  the 
segmental  duct  of  Elasmobranchii. 

We  stated  expressly  that  the  Wolffian  duct  corresponded  only 
in  part  to  the  segmental  duct.  It  does  not,  in  fact,  in  our 
opinion,  correspond  to  the  whole  segmental  duct,  but  to  the 
segmental  duct  minus  the  anterior  abdominal  opening  in 
Elasmobranchii,  which  becomes  the  head-kidnev  in  other  types. 
In  fact,  we  suppose  that  the  segmental  auct  and  head- 
kidney,  which  in  the  Ichthyopsida  develop  as  a  single  formation, 
develop  in  the  Bird  as  two  distinct  structures — one  of  these 
known  as  the  Wolffian  duct,  and  the  other  the  head-kidney. 
If  our  view  about  the  head-kidney  is  accepted  the  above  position 
will  hardly  require  to  be  disputed,  but  we  may  point  out  that  the 
only  feature  in  which  the  Wolffian  duct  of  the  Bird  differs  in  deve- 
lopment from  the  segmental  duct  of  Elasmobranchii  is  in  the  ab- 
sence of  the  knob,  which  forms  the  commencement  of  the  segmental 
duct,  and  in  which  the  abdominal  opening  is  formed ;  so  that 
the  comparison  of  the  development  of  the  duct  in  the  two  types 
confirms  the  view  arrived  at  from  other  considerations. 

The  head-kidney  and  Miiilerian  duct  in  the  Bird  must  be  con- 
sidered together.  The  parts  which  they  eventually  give  rise  to 
after  the  atrophy  of  the  head-kidney  have  almost  universally  been 
regarded  as  equivalent  to  the  Miiilerian  duct  of  the  Ichthyopsida. 
By  Braun,^  however,  who  from  his  researches  on  the  Lizard  satisfied 
himself  of  the  entire  independence  of  the  Miiilerian  and  Wolffian 
ducts  in  the  Amniota,  the  Miiilerian  duct  of  these  forms  is  re- 
garded as  a  completely  new  structure  with  no  genetic  relations  to 

^  The  views  here  expressed  aboat  the  Wolffian  duct  are  nearly  though  not 
exactly  those  which  one  of  us  previously  put  forward  {*  Urinogenital  Organs 
of  Vertebrates/  &c.,  p.  46-46),  and  with  which  Furbinger  appears  exactly  to 
agree.  Possibly  Dr.  Furbinger  would  alter  his  view  on  this  point  were  he 
to  accept  the  facts  we  believe  ourselves  to  have  discovered.  Semper's  view 
also  differs  from  ours,  in  that  he  believes  the  Wolffian  duct  to  correspond  in 
its  entirety  with  the  segmental  duct. 

'  "  Urogenital  System  d.  Reptilien.**  '  Arb.  aos  d.  zooL-soot.  Inst.* 
Wurtburg,  vol.  iv. 
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the  Miillerian  duct  of  the  Ichthyopsida.  Semper\  on  the  other 
hand,  though  he  accepts  the  homology  of  the  Miillerian  duct 
in  the  Ichthyopsida  and  Amniota,  is  of  opinion  that  the  anterior 
part  of  the  Miillerian  duct  in  the  Amniota  is  really  derived  from 
the  Wolffian  duct,  though  he  apparently  admits  the  independent 
growth  of  the  posterior  part  of  the  Miillerian  duct.  We  have 
been  led  by  our  observations,  as  well  as  by  our  theoretical  de- 
ductions, to  adopt  a  view  exactly  the  reverse  of  that  of  Professor 
Semper.  We  believe  that  the  anterior  part  of  the  Miillerian  duct 
of  Aves,  which  is  at  first  the  head-kidney,  and  subsequently 
becomes  the  abdominal  opening  of  the  duct,  is  developed  from 
the  peritoneal  epithelium  independeatly  of  all  other  parts  of  the 
excretory  system;  but  that  the  posterior  part  of  the  duct  is  more 
or  less  completely  derived  from  the  walls  of  the  Wolffian  duct. 
This  view  is  clearly  in  accordance  with  our  account  of  the  facts 
of  development  in  Aves,  and  it  fits  in  very  well  with  the  develop- 
ment of  the  Miillerian  duct  in  Elasmobranchii.  We  have  already 
pointed  out  that  in  Elasmobranchii  the  Miillerian  duct  is  formed 
of  two  factors — (1)  of  the  whole  anterior  extremity  of  the  seg- 
mental duct,  including  its  abdominal  opening ;  (2)  of  a  rod  split 
off  from  the  ventral  side  of  the  segmental  duct.  In  Birds  the 
anterior  part  (corresponding  to  factor  No.  1)  of  the  Miillerian 
duct  has  a  different  origin  from  the  remainder ;  so  that  if  the 
development  of  the  posterior  part  of  the  duct  (factor  No.  ft) 
were  to  proceed  in  the  same  manner  in  Birds  and  Elasmo- 
branchii, it  ought  to  be  formed  at  the  expense  of  the  Wolffian 
(i.  e.  segmental)  duct,  though  in  connection  anteriorly  with  the 
kead-kidney.    And  this  is  what  actually  appears  to  take  pkco. 

So  far  the  homologies  of  the  avian  excretory  system  are  fairly 
clear ;  but  there  are  still  some  points  which  have  to  be  dealt 
with  in  coimection  with  the  permanent  opening  of  the  Miillerian 
duct,  and  the  relatively  posterior  position  of  the  head-kidney. 
With  reference  to  the  first  of  these  points  the  facts  of  the  case 
are  the  following  :— 

In  Amphibia  the  permanent  opening  of  the  Miillerian  duct 
is  formed  aa  an  independent  opening  after  the  atrophy  of  the 
head-kidnqr. 

In  Elasmobranchii  the  origin^  opening  of  the  segmental  duct 
forms  the  permanent  opening  of  the  Miillerian  duct  and  no  head- 
kidney  appears  to  be  formed. 

In  Birds  the  anterior  of  the  three  openings  of  the  head- 
kidney  remains  as  the  permanent  opening  of  the  Miillerian 
duct. 

With  reference  to  the  difficulties  involved  in  there  being 
apparently  three  different  modes  in  which  the  permanent  opening 

I  Loc.  cit 
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of  the  Miillerian  duct  is  formed,  we  would  suggest  the  following 
considerations : 

The  history  of  the  development  of  the  excretory  system  teaches 
us  that  primitively  the  segmental  duct  must  have  served  as 
efferent  duct  both  for  the  generative  products  and  kidney  secre- 
tion (just  as  the  Wolffian  duct  still  does  for  the  testicular  pro- 
ducts and  secretion  of  the  Wolffian  body  in  Elastoobranchii  and 
Amphibia) ;  and  further,  that  at  first  the  generative  products 
entered  the  segmental  duct  from  the  abdominal  cavity  by  one 
or  more  of  the  abdominal  openings  of  the  kidney  (almost  cer- 
tainly of  the  head-kidney).  That  the  generative  products  did 
not  enter  the  segmental  duct  at  first  by  an  opening  specially 
developed  for  them  appears  to  us  to  follow  from  Dohm's 
principle  of  the  transmutation  of  function  (Functionswechsel). 
As  a  consequence  (by  a  process  of  natural  selection)  of  the  seg- 
mental duct  having  both  a  generative  and  a  urinary  function,  a 
further  differentiation  took  place,  by  which  that  duct  became  split 
into  two — a  ventral  Miillerian  duct  and  dorsal  Wolffian  duct. 

The  Miillerian  duct  without  doubt  was  continuous  with  the 
head-kidney,  and  so  with  the  abdominal  opening  or  openings  of 
the  head-kidney  which  served  as  generative  pores.  At  first  the 
segmental  duct  was  probably  split  longitudinally  into  two  equal 
portions,  but  the  generative  function  of  the  Miillerian  duct  gra- 
dually impressed  itself  more  and  more  upon  the  embryonic  deve- 
lopment, so  that,  in  the  course  of  time,  the  Miillerian  duct 
developed  less  and  less  at  the  expense  of  the  Wolffian  duct. 
This  process  appears  partly  to  have  taken  place  in  Elasmobranchii, 
and -^ still  more  in  Amphibia;  the  Amphibia  offering  in  this 
respect  a  less  primitive  condition  than  Elasmobranchii ;  while  in 
Aves  it  has  been  carried  even  further.  The  abdominal  opening 
no  doubt  also  became  specialised.  At  first  it  is  quite  possible 
that  more  than  one  abciominal  pore  may  have  served  for  the 
generative  products ;  one  of  which,  no  doubt,  eventually  came 
to  function  alone.  In  Amphibia  the  specialisation  of  the  opening 
appears  to  have  gone  so  far  that  it  no  longer  has  any  relation  to 
the  head-kidney,  and  even  develops  after  the  atrophy  of 
the  head-kidney.  In  Elasmobranchii,  on  the  other  hand,  the 
functional  opening  appears  at  a  period  when  we  should  expect 
the  head-kidney  to  develop.  This  state  is  very  possibly  the 
result  of  a  differentiation  (along  a  different  line  to  that  in  Am- 
phibia) by  which  the  head-kidney  gradually  ceased  to  become 
developed,  but  by  which  the  primitive  opening  (which  in  the 
development  of  the  head-kidney  used  to  be  divided  into  several 
pores  leading  into  the  body  cavity)  remained  undivided  and 
served  as  the  abdominal  aperture  of  the  Miillerian  duct.  Aves, 
finally,  appear  to  have  become  differentiated  along  a  third  line; 
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since  in  their  ancestors  the  anterior  pore  of  the  head-kidney 
appears  to  have  become  specialised  as  the  permanent  opening 
01  the  Miillerian  duct. 

With  reference  to  the  posterior  position  of  the  head-kidney  in 
Aves  we  have  only  to  remark^  that  a  change  in  position  of  the 
head-kidney  might  easily  take  place  after  it  acquired  an  inde- 
pendent development.  The  fact  that  it  is  slightly  behind  the 
glomerulus  would  seem  to  indicate^  on  the  one  hand,  that  it  has 
already  ceased  to  be  of  any  functional  importance ;  and^  on  the 
other,  that  the  shifting  has  been  due  to  its  having  a  connection 
with  the  Miillerian  duct. 

We  have  made  a  few  observations  on  the  development  of  the 
Miillerian  duct  in  Lacerta  muralis,  which  have  unfortunately 
led  us  to  no  decided  conclusions.  In  a  fairly  young  stage  in  the 
development  of  the  Miillerian  duct  (the  youngest  we  have  met 
with),  no  trace  of  a  head-kidney  could  be  observed,  but  the  cha- 
racter of  the  abdominal  opening  of  the  Miillerian  duct  was  very 
similar  to  that  figured  by  Braun.^  As  to  the  backward  growth 
of  the  Miillerian  duct,  we  can  only  state  that  the  solid  point  of 
the  duct  in  the  young  stages  is  in  contact  with  the  wall  of  the 
Wolffian  duct,  and  the  relation  between  the  two  is  rather  like 
that  figured  by  Piirbinger  (PI.  I,  figs.  14-15)  in  Amphibia. 


Notes  on  some  of  the  Reticularian  Rhizopoda   of  the 
"Challenger"  Expedition.     By  Henry   B.  Brady, 
F.R.S.    With  Plates  III,  IV,  V. 

I. — On  new  or  little  known  Arenaceous  types. 

The  quantity  of  material,  obtained  by  dredge  and  tow-net, 
brought  home  by  the  scientific  staflf  of  the  "Challenger" 
Expedition  is  so  vast,  and  the  conditions  under  which  it  was 
collected  are  so  varied,  that  much  time  must  elapse  before  any 
detailed  account  of  the  results  of  its  examination  can  be  made 
public.  So  far  as  the  microzoa  are  concerned  the  mere  wash- 
ing, sorting,  and  examining  under  the  microscope  of  so  large  a 
number  of  samples  of  the  sea-bottom,  to  say  nothing  of  the 
surface-gatherings^  has  been  a  long  and  tedious  process ;  but 
the  time  required  for  their  complete  investigation  and  for  the 
preparation  of  the  plates  necessary  for  the  illustration  of  each 
group  of  organisms  is  likely  to  be  an  even  more  considerable 
source  of  delay.     To  no  section  of  the  work  does  this  apply 

*  Loo.  cit. 
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with  greater  force  than  to  the  Rhizopoda^  and  it  seems  desir- 
able, therefore^  that  some  of  the  more  interesting  facts  and  in- 
ferences which  have  been  already  acquired  should  be  made 
the  subject  of  a  preliminary  notice. 

I  propose  in  the  present,  and  perhaps  in  one  or  two  sub- 
sequent papers,  to  give  a  brief,  and  in  some  respects  a  pro- 
visional description  of  certain  new  or  little  understood  types 
of  Rhizopoda,  indicating  the  lines  in  which  additions  to  our 
knowledge  of  the  group  are  furnished  by  the  "  Challenger** 
collections,  rather  than  to  attempt  anything  in  the  way  of 
systematic  history,  which  can  only  be  rightly  done  when  the 
results  come  to  be  treated  collectively  and  in  detail.  I  shall 
confine  myself  to  the  consideration  of  types  actually  obtained 
in  this  Expedition,  except  in  one  or  two  instances  in  which 
specimens  from  other  sources  seem  to  supply  missing  links,  or 
otherwise  assist  in  the  elucidation  of  morphological  pecu- 
liarities. 

The  list  of  observing  stations  drawn  up  and  printed  for  the 
use  of  those  engaged  in  working  out  the  natural  history  of 
the  Expedition  extends  to  354  localities.  Some  of  these  are 
represented  by  mere  soundings,  of  which  only  a  small  reference 
sample  of  the  bottom  was  preserved,  whilst  a  few  include 
several  dredgings  made  on  the  same  or  successive  days  within 
a  restricted  area.  Not  unfrequently  a  number  of  consecutive 
dredgings  in  mid-ocean  at  similar  depths  are  practically 
identical  in  their  organic  constituents,  and  again,  the 
physical  characters  of  a  certain  number  of  the  samples  are 
not  sufficiently  promising  to  warrant  the  expenditure  of 
much  time  over  them,  so  that  it  has  been  necessary  to  make 
a  selection  from  the  series.  About  fifty  dredgings^  represent- 
ing conditions  as  diverse  as  possible,  were  taken  in  the  first 
place  for  complete  examination,  and  by  the  light  of  the 
results  obtained  from  these,  further  selections  were  made 
from  time  to  time,  until  altogether  about  140  have  been 
exhaustively  worked  out.  By  '^  exhaustively"  I  mean  that 
the  sand  or  mud  was  washed,  to  begin  with,  on  a  sieve  of  the 
finest  wire  gauze  (that  known  as  No.  120),  the  meshes  of 
which  were  something  less  than  T-^^th  of  an  inch  in  diameter. 
Practically  it  was  found  that  what  passed  through  this  sieve 
was  for  the  most  part  veritable  mud,  composed  either  of  fine 
inorganic  particles,  or  of  the  impalpable  debris  of  calcareous 
tests  of  one  sort  or  other.  Cocoliths  were  usually  present  in 
this  finest  material,  occasionally  also  the  frustules  of  Diato- 
macce,  and  more  commonly  the  siliceous  skeletons  of  the 
minute  species  of  Sadiolaria^  but  for  the  Reticularian  Rhi- 
zopoda  it   was   of  little   value;    not  because   it   did    not 
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contain  numberless  specimens^  but  because  they  belonged 
invariably  to  species  represented  plentifully  in  the  coarser 
siftings.  When  there  was  anything  to  be  gained  by  doing 
so  it  was  examined  either  in  water  or  dry,  and  balsam 
mountings  were  made  from  it.  The  material  thus  washed 
was  sorted  by  successive  siftings^  and  worked  over  little  by 
little  under  a  power  of  about  twenty  diameters.  It  is  not 
with  the  very  minute  forms  that  we  are  concerned  in  the 
present  paper,  but  rather  with  some  of  the  larger  types,  par- 
ticularly those  which  build  for  themselves  composite  tests, 
consisting  of  sand  or  other  foreign  bodies,  more  or  less  embed- 
ded in  calcareous  cement  or  adherent  to  a  chitinous  envelope* 
Until  comparatively  recent  years  but  little  was  known  of 
the  larger  arenaceous  Rhizopoda.  The  discovery  of  Astro* 
rhiza  limicola  by  Sandahl  in  1857  remained  unnoticed  until 
attention  was  drawn  to  it  by  the  late  M.  Sars,  and  before 
that  time  probably  Lituola  Soldanii  was  the  largest  known 
living  member  of  the  group,  whilst  amongst  fossils  the  Creta- 
ceous Littwla  {Haplophragmium)  irregulare  held  a  similar 
position. 

In  1867  the  elder  Sars  discovered  Rhahdammina  and  Sac- 
cammina  in  deep  water  off  the  coast  of  Norway,  and  though 
neither  of  them  were  described  or  figured  in  his  memoir,^  the 
kindness  of  his  son,  Professor  G.  O.  Sars,  in  distributing 
specimens,  has  left  no  difficulty  as  to  their  identification. 
The  cruise  of  the  ''  Lightning"  in  1868  and  of  the  ''  Porcu- 
pine" in  1869  and  the  succeeding  years,  brought  to  light  a 
considerable  series  of  types  not  previously  known.  Some 
account  of  these  may  be  found  in  Dr.  Carpenter's  *  Micro- 
scope and  its  Revelations'  (fifth  ed.,  pp.  530 — 538),  and  in 
a  pamphlet'  prepared  for  a  soiree  of  the  Royal  Microscopical 
Society  of  London  by  the  same  author,  and  again  in  a  short 
paper  on  the  Genus  Astrorhiza^  published  some  time  ago  in 
this  Journal.  The  most  prominent  of  the  new  genera  so 
described  are  Pilulina  and  Botellina,  together  with  a  fusiform 
type  assigned  to  Williamson's  genus  Proteonina,^  and  a 
**  Nautiloid  Lituola,^*  since  named  by  myself  Cyclammina.  In 

*  "Fortsatte  Bemserkninger  oyer  det  dyriske  Livs  Udbredning  i  Hayets 
Djbdcr,"  '  Vidensk-Selsk.  Forhandlinger/  for  1868. 

3  *  Descriptive  Catalogue  of  Objects  from  Deep-sea  Dredgings,  exhibited 
at  the  Soiree  of  the  Royal  Microscopical  Society,  King's  College,  April 
20th,  1870,  by  Dr.  Carpenter,  F.R.S.,  &c.' 

*  **  On  the  Genus  Astrorhiza  of  Sandahl,  lately  described  as  Haecke- 
lina  by  Dr.  Bessels,"  by  W.  B.  Carpenter,  M.D.,  C  B.,  F.R.S.,  *  Quart. 
Joum.  Mic.  Sci.,'  N.  S.,  vol.  xvi,  pp.  221—224,  pi.  xix. 

*  Since  separated  from  that  genus  on  good  grounds  by  the  Re?.  A.  M. 
Norman,  who  has  given  it  the  name  of  Marsipella. 
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his  work  on  the  Microscope^  before  alluded  to^  Dr.  Carpenter 
describes  and  figures  many  other  forms  under  such  names 
as  "  Orbuline  Lituola,"  ''  Globigerine  Lituola,"  *'  Orthoce- 
rine  Lituola/'  and  the  like.  It  is  much  to  be  regretted  that 
many  of  these  which  represent  important  genera,  have 
never  been  adequately  illustrated,  so  that  they  are  but 
little  known,  except  to  the  few  who  possess  verified  speci- 
mens. Some  of  them  might  very  properly  have  been 
treated  in  the  present  paper,  for  with  one  or  two  exceptions 
they  all  have  been  found  in  the  ^^  Challenger"  material,  but 
the  limited  space  available  for  figures  is  already  crowded 
with  forms  for  the  most  part  even  less  known  than  they  are. 
After  all,  it  is  only  a  few  out  of  a  large  number  of  new 
species  that  can  be  alluded  to  in  a  brief  notice  of  thb  sort, 
and  the  object  has  been  to  select  salient  types,  and  leave  the 
intermediate  forms  for  the  more  extended  memoir  which 
will  be  furnished  in  the  official  account  of  the  "  Challenger'^ 
cruise. 

The  'Introduction  to  the  Study  of  the  Foraminifera,' 
by  Dr.  Carpenter  and  Messrs.  Parker  and  Rupert  Jones, 
may  be  accepted  as  the  epitome  of  our  knowledge  of  the 
Order,  so  far  at  least  as  it  depends  on  the  minute  structure 
of  their  tests,  at  the  time  of  its  publication  in  1862.  In  this 
work  the  arenaceous  types  constitute  the  family  Lituolida, 
and  are  distributed  under  three  generic  heads — Lituola, 
Trochamminay  and  ValvtUina.  Lituola  is  characterised  as 
having  a  test  rough  and  sandy  on  the  exterior,  the  interior 
of  the  chambers  being  either  simple  and  undivided  or  laby- 
rinthic.  Trochammina  is  distinguished  by  the  finer  mate* 
rials  selected  for  the  construction  of  the  test  and  the  larger 
proportion  of  calcareous  or  ferruginous  cement  used  in  their 
incorporation.  The  shell-structure  in  Vaivulina  is  described 
as  more  open  to  variation,  usually  rough  and  sandy  as  to  its 
exterior,  but  sometimes  revealing  a  perforate,  calcareous, 
shelly  basis  beneath,  and  the  triserial  arrangement  of  the  cham- 
bers is  accepted  as  the  most  noteworthy  character  of  the  genus. 

Professor  Reuss,  writing  about  the  same  time,  whilst  ad- 
mitting the  difficulties  of  the  position,  proposes  to  divide  the 
somewhat  unwieldy  group  included  in  the  genus  Lituola 
of  English  systematists ;  and,  as  a  matter  of  convenience, 
there  was  even  then,  no  doubt,  much  to  be  said  in  favour  of 
his  view.  In  his  latest  work,^  published  after  his  death,  he 
divides  the  family  Lituolidba  of  his  classification,  which  is 
scarcely  coextensive  with  the  gehus  Littiola  of  the  "Introduc- 
tion,''  into  four  genera — Polyphragmay  Haphphragmiumy 
>  'Das  £lbthfdgeberge  in  Saohsen/  Ster  Theil,  p.  119, 1874. 


Digiti 


zed  by  Google 


24  HENRY  B.  BRADY. 

Lituola  (proper),  and  Haplostiche.  These  will  be  considered 
at  a  later  stage  when  the  Lituoline  forms  are  spoken  of  more 
in  detail.  It  will,  however,  become  manifest  as  we  proceed 
that  neither  of  these  schemes  are  any  longer  applicable  to  the 
purpose  for  which  they  were  devised,  and  the  more  recent  sug- 
gestions of  Prof.  ZitteU  and  Prof.  T.  Rupert  Jones^  scarcely 
satisfy  the  exigencies  of  the  present  position.  How  far  the  cha- 
racters on  which  these  and  other  previous  classifications  are 
based,  may  be  of  service  for  the  rearrangement  of  the  group, 
with  its  enlarged  boundaries,  will  be  determined  as  we  go  on. 
It  is  not  altogether  satisfactory  to  have  to  depend  solely 
upon  the  structure  and  conformation  of  the  external  skeleton 
or  test  for  distinctive  characters.  There  can  scarcely 
be  a  doubt  that  the  sarcode  bodies  of  animals  varying  so 
much  in  their  external  features  must  have  important  dif- 
ferences. The  researches  of  R.  Hertwig,  on  the  animal  of 
MUiola  and  Rotalia^  and  those  of  F.  E.  Schijze*  on  Poly- 
stomella  and  Lagena,  permit  no  longer  the  belief  that  the 
Reticularian  Rhizopoda  consist  of  mere  masses  of  undifferen- 
tiated protoplasm,  and  a  wide  field  of  investigation  is  thereby 
opened,  in  which  the  employment  of  chemical  reagents,  in 
conjunction  with  the  higher  powers  of  the  microscope,  may  be 
expected  to  yield  a  harvest  of  hitherto  unnoted  facts.  But, 
for  these  methods  of  research  the  fresh,  if  not  the  living 
animals,  can  alone  be  used ;  material  long  preserved  in 
alcohol,  as  the  "Challenger"  dredgings  have  necessarily  been, 
furnishes  only  the  knowledge  derivable  from  the  harder 
tissues  and  the  portions  rendered  permanent  by  inorganic 
constituents. 

There  is  one  question  to  which  attention  must  for  a  moment 
be  directed  before  entering  upon  more  strictly  morphological 
considerations,  namely,  the  chemical  composition  of  these 
arenaceous  tests.  It  is  not  often  that  specimens  of  any 
single  species  of  recent  Foraminifera  can  be  obtained  in  suf- 
ficient quantity  for  reliable  analysis,  but  amongst  a  few  of 
the  larger  arenaceous  forms  this  can .  occasionally  be 
done.  The  dredged  material  from  the  "  Challenger" 
Station  No.  122  (off  Pernambuco),  contains  Hyperammina 
ehngata  in  considerable  abundance,  and  in  No.  24  (off 
Culebra  Island,  West  Indies)  Cyclammtna  cancellata,  is  one 
of  the  most  prominent  Rhizopods.     No  better  examples  than 

^  *  Handbuch  der  Palaontologie/  1  Band,  1  Lieferung,  1876. 

«  'Monthlv  Micro.  Joum.'  (Feb.,  1876),  No.  86,  p.  89, 

'  "  Bemerkungen  zur  Organisation  und  sjstematischen  Stellung  der 
Foraminiferen,"  'Jenaische  Zeitschr.  fiir  Naturwiss.,*  vol.  x,  p.  42,  pi. 
2, 1876. 

*  *Archiv  fiir  mikr.  Anat.,'  vol.  xiii,  1876. 
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these  could  have  been  chosen  for  chemical  investigation^  for 
the  one  represents  a  very  sandy  non-labyrinthic  type,  usually 
but  little  coloured,  the  other  a  finely  cemented  form  with 
smooth  exterior,  having  its  chamber-cavities  filled  with  can- 
cellated shelly  growths  of  deep  brown  colour.  Both  species 
are  of  considerable  size,  and  about  a  gramme  by  weight  of 
each  was  with  some  little  trouble  collected  for  analysis.  I 
have  had  the  advantage  of  the  assistance  of  my  friend  Mr. 
J.  T.  Dunn,  B.  Sc,  Demonstrator  in  the  Chemical  Laboratory 
of  the  College  of  Physical  Science  in  Newcastle,  in  this  por- 
tion of  my  work. 

The  specimens  were  thoroughly  washed,  in  the  first  place, 
to  free  them  from  soluble  saline  matter,  after  which  the 
analysis  of  Hyperammina  elongata,  gave  the  following 
result : 

Loss  on  ignition  (organic  matter  and  CO,)       .  2*9 

Silica     .        .        .        ...        .        .  92-5 

Peroxide  of  iron  with  a  little  alumina      .        .  2*0 

Lime  and  magnesia 2-2 

99-6 

Treated  in  the  same  way  the  tests  of  Cyclammina  can" 
cellata  yielded  as  follows : 

Loss  on  ignition  (organic  matter  and  C0|)      .  7'4 

Silica 80-5 

Peroxide  of  iron  with  a  little  alumina      .        .  8*9 

Lime 2*9 

997 

Perhaps  the  most  noteworthy  fact  conveyed  by  these 
figures  is  the  large  proportion  of  ferric  oxide  the  tests  of 
both  species,  but  especially  of  Cyclammina,  contain.  The 
iron  is  present  as  peroxide,  not  as  silicate  or  phosphate,  and 
the  red  colour  of  the  shells  is  retained  or  even  brightened 
after  ignition.  Hyperammina  gave  no  phosphoric  reaction 
whatever,  and  in  Cyclammina  the  trace  of  phosphates  was 
inappreciable.  It  has  been  a  matter  of  debate  what  the  red- 
brown  tint  of  the  tests  of  the  arenaceous  Rhizopoda  is 
determined  by,  but  so  far  as  these  two  species  are  concerned 
there  can  be  no  longer  any  doubt.  At  the  same  time  it  must 
not  be  regarded  as  proved  that  iron  invariably  furnishes  the 
colouring  matter  of  the  investment  of  Foraminifera.  I  am 
at  present  inclined  to  believe  with  Dr.  Wallich  that,  in  some 
thin-shelled,  calcareous  and  chitinous  forms  at  least,  the 
brown  stain  is  of  organic  origin. 
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The  precise  way  ia  which  the  siliceous  sand-grains  are 
held  together  and  the  nature  of  the  cement^  if  there  be  any 
true  inorganic  cement,  are  points  not  easy  to  determine  ; 
different  genera  probably  differ  widely  in  these  particulars. 
The  very  small  percentage  of  calcareous  matter  in  proportion 
to  the  silica,  in  both  of  the  above  analyses,  is  a  remarkable 
fact,  and  one  that  scarcely  accords  with  the  idea  that  the 
siliceous  material  is  incorporated  by  carbonate  of  lime,  as 
generally  set  forth. 

The  smooth  tests  of  the  various  species  of  Trochammina 
have  been  supposed  to  contain  the  largest  amount  of  calca- 
reous matter  in  proportion  to  siliceous  or  other  embedded 
constituents  of  any  of  the  arenaceous  Foraminifera ;  but  at 
ffreat  depths,  for  example  at  8000  to  4000  fathoms  in  the 
riorth  Pacific,  specimens  of  Trochammina  {AmmodisctM)  in- 
certa  are  found,  the  most  delicate  of  which  will  bear  treat- 
ment with  nitric  acid  without  material  change.  Nor  is  this  an 
isolated  fact.  I  have  before  me  some  specimens  of  Lituola 
{Reophax)  nodulosa,  obtained  near  the  Antarctic  Circle 
(Station  156, — 1976  fathoms),  of  large  size,  that  is  to  say, 
ranging  from  half  an  inch  to  an  inch  or  even  more  in  length, 
and  stout  in  proportion.  One  of  these  has  been  digested 
for  a  considerable  time  in  nitric  acid  with  the  assistance  of 
heat,  until  everything  soluble  was  removed,  yet  it  still  re- 
tains its  form  unimpaired,  and  has  sufficient  solidity  to  bear 
handling ;  indeed,  the  only  change  apparent  to  the  naked 
eye  is  the  alteration  of  colour  from  dark  brown  to  dirty 
white.  It  is  clear  that  in  this  case  the  cement  was  neither 
calcareous  nor  ferruginous.  In  a  later  paper  I  shall  be  able 
to  show  that,  under  certain  conditions,  true  MilioUe  are  to  be 
met  with  in  which  the  test  is  thin,  homogeneous,  and  purely 
siliceous — so  completely  siliceous  that  no  effervescence  can  be 
detected  when  the  shells  are  placed  in  acid  under  the  micro- 
scope. It  was  long  since  demonstrated  that  the  tests  of 
Trochammin<B^  living  in  brackish  water,  are  non-calcareous, 
though  they  retain  to  a  great  extent  their  normal  sandy 
exterior,  and  that  one  of  the  Miliol<e  under  similar  conditions 
has  a  thin,  brown,  sandy  investment.  In  both  these  cases 
the  sand-grains  are  embedded  in  a  chitinous  envelope  and  do 
not  depend  on  any  mineral  cement.  From  such  facts  it 
becomes  evident  that  carbonate  of  lime  and  peroxide  of  iron, 
though  secreted  to  a  greater  or  less  extent  by  many  arena- 
ceous Bhizopods,  are  by  no  means  necessarily  the  cementing 
material; — that  a  chitinous  envelope  or  external  layer  of 
altered  protoplasm  may  be  the  basis  to  which  the  sand-grains 
are  adherent  or  in  which  they  are  more  or  less  embedded ; — 
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and  lastly^  as  it  can  be  shown  that  Foraminifera  have  the 
power  of  secreting  silica  even  to  the  extent  of  forming  a 
continuous  shelly  investment^  the  easiest  explanation  of  the 
fact  that  so  many  composite  tests  are  not  disintegrated  by 
the  action  of  acids^  lies  in  the  supposition  that  secreted  silica 
enters  more  or  less  into  their  composition.  At  the  same  time 
it  is  quite  clear  that  the  precise  nature  of  the  investment 
of  many  normally  arenaceous  types  is  a  matter  depending 
largely  on  external  or  accidental  circumstances. 

The  fuller  consideration  of  these  and  kindred  matters  will 
arise  naturally  in  the  description  of  the  organisms  in  which 
they  form  characteristic  features^  so  that  without  further 
preface  we  may  proceed  to  a  review  of  the  more  interesting 
forms  belonging  to  this  particular  group  of  Rhizopods. 

PsAMMospH^RA  FTTSCA^  J^.  E.  Schulze.    Fl.  IV^  figs.  1,  2. 

Ptammoipkarafutea,  F.  E.  Scbuize,  1874.  II.  Jabresberichte  d.  Eomm. 
Untersuch.  d.  deutsch.  Meere  in  Kiel,  p.  113,  pi. 
ii,  fig.  8,  a-/. 

This  is  one  of  the  simplest  of  the  arenaceous  Foraminifera, 
and  although  small  specimens  are  not  uncommon  in  deep  water^ 
it  remained  undescribed  until  the  publication  of  Professor 
Schulze's  memoir  in  the  North  Sea  researches  above  quoted. 
Ten  or  twelve  years  ago  I  found  it  in  considerable  abundance 
in  one  of  the  **  Bulldog"  soundings  obtained  by  Dr.  Wallich, 
but  the  specimens  were  all  very  small,  and  it  was  then  difficult 
to  decide  whether  they  were  Foraminifera  or  not.  It  has  been 
the  custom  to  consider  that  the  tests  of  the  arenaceous  Rhizo- 
poda  are  of  necessity  imperforate ;  in  other  words,  that  except 
the  single  conspicuous  pseudopodial  orifice  the  investment  is 
non-porous,  and  the  fact  of  these  specimens  having  no  general 
aperture  seemed  to  throw  doubt  upon  their  nature.  But  it 
is  now  evident  that  the  term  "  imperforate  *^  is  only  applica- 
ble to  a  limited  number  of  genera,  and  that  some  at  least  of 
the  sandy  forms  have  more  or  lees  porous  tests,  though, 
owing  to  the  irregularities  of  the  surface  and  their  rough 
texture,  th^  orifices  are  traced  with  difficulty. 

Schulze's  description  of  the  species  is  quite  accurate  as 
applied  to  large  specimens.  They  are  spheroidal  bodies,  from 
two  to  four  millim.  (-^V  to  ^  inch)  in  diameter,  without  any 
perforations  visible  to  the  naked  eye,  commonly  free,  but  occa- 
sionally adherent  to  small  stones.  The  test  itself  is  from  *S5  to 
'5  millim.  thick,  and  is  composed  of  coarse  sand-grains,  united 
by  a  cement  of  fine  texture  and  of  characteristic  grey-brown 
colour.     Whilst  the  exterior  is  more  or  less  roughs  owing  to 
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projecting  sand-grains  or  fragments  of  stone^  the  interior  is 
throughout  even  and  smooth. 

The  tendency  of  the  animal  to  attach  itself  to  foreign 
bodies  is  revealed  in  many  different  ways ;  sometimes  a  frag- 
ment but  little  smaller  than  the  remainder  of  the  test,  is  built 
into  the  wall;  in  other  cases  the  shell  is  erected,  tent-like,  upon 
a  stone.  In  one  of  the  "Challenger"  dredgings  (Station  122 — 
860  fathoms,  off  the  coast  of  Brazil)  minute  specimens  are 
very  common,  and  in  a  large  proportion  of  them  the  test  is 
built  upon  or  around  a  sponge-spicule.  One  of  these,  with 
the  side  partially  ground  to  show  the  interior,  is  represented 
in  PL  II,  fig.  2. 

It  is  somewhat  remarkable  that,  notwithstanding  the  thick- 
ness of  the  test  and  its  rough  composite  texture,  these  sandy 
spheres  are  quite  translucent  when  fresh,  and  they  retain 
their  character  for  a  long  period  if  preserved  in  glycerine  or 
diluted  alcohol. 

The  specimens  described  by  Professor  Schulze  were  found 
in  mud,  from  depths  of  100  to  200  fathoms,  in  the  North 
Sea,  but  the  species  is  of  not  unfrequent  occurrence  in  the 
"  Challenger  "  material  from  stations  both  in  the  North  and 
South  Atlantic  and  in  the  North  Pacific,  at  depths  varying 
from  260  to  2740  fathoms,  In  the  deeper  dredgings  the 
examples  are  invariably  small. 

Psammosphcsra  fusca  may  also  be  added  to  the  list  of 
British  species,  as  it  occurs  in  sands  dredged  in  Loch  Scavaig 
(Skye)  from  45  to  60  fathoms. 

G^t«— SOROSPH^RA,  nov. 
{<r(i}p6f,  heap ;  o-^acpa,  a  sphere.) 

SOROSPH^RA  CONFU8A,  n.Sp.      PI.  IV,  figS.  18,  19. 

Characters. — Test  free,  irregular ;  consisting  of  a  number 
of  convex  or  sphseroidal  chambers,  either  discrete  or  more  or 
less  embracing,  irregularly  crowded  together.  Walls  thin, 
loosely  arenaceous  in  texture.  General  aperture,  none. 
Long  diameter  of  large  specimens,  ^  inch  (46  millim.). 

There  is,  so  far  as  I  am  aware,  no  recognised  genus  *in 
which  the  large  irregular  polythalamous  Rhizopods,  with 
characters  somewhat  roughly  indicated  in  the  foregoing  de- 
scription, can  be  properly  placed.  One  of  their  most  striking 
features  is  the  absence  of  any  general  aperture.  In  none 
of  the  specimens  I  have  met  with  can  any  definite  general 
pseudopodial  orifice  be  detected.  One  or  two  of  them  have 
a  sort  of  crack  or  fissure  in  the  depression  between  two  of 
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the  segments^  but  it  appears  to  be  the  result  of  accident^ 
and  the  specimens  are  not  otherwise  complete.  If  this  be 
the  normal  condition  of  the  test,  and  it  may  be  assumed  that 
it  is,  it  would  suggest  a  near  affinity  to  the  genus  Paammo- 
spJuBra,  That  the  comparatively  thick  and  well-cemented 
test  of  Psammosphara  affords  free  passage  for  the  sarcode  in 
the  form  of  pseudopodia,  without  any  general  aperture,  is  a 
well-ascertained  fact,  and  there  can  be  no  difficulty,  therefore, 
in  supposing  that  Sorosp/uera  with  its  thinner  shell  of  open 
granular  texture  does  the  same ;  in  point  of  fact,  these  two 
genera  are  in  very  similar  position  to  some  of  the  hyaline 
calcareous  Foraminifera,  such  as  Orbtdina,  which  depend  on 
minute  foramina  rather  than  on  a  large  central  orifice  for 
the  means  of  extending  their  sarcode  beyond  the  limits  of 
the  chamber-cavities.  I  have  long  been  convinced  that  the 
use  of  the  words  "  Perforate  '^  and  "  Imperforate,'^  as  a  class 
distinction  amongst  the  Foraminifera^  is  an  untenable  one, 
and  these  types  are  sufficient  evidence  that  the  arenaceous 
forms  at  any  rate  are  not  necessarily  imperforate. 

In  some  genera  of  Foraminifera,  CristeUaria^  for  example, 
specimens  may  be  found  in  which  the  stoloniferous  tubes 
uniting  the  chamber- cavities  are  distinct  from  the  radiate 
orifices  that  have  in  succession  served  as  the  general  aper- 
ture; but  such  case  are  rare  and,  as  a  rule>  the  general 
aperture  of  the  termiiial  chamber  forms  the  passage  connect- 
ing it  with  the  cavity  of  the  segment  next  formed.  It 
follows,  therefore,  that  in  a  polythalamous  test  like  SarO' 
spfuera^  in  which  there  is  no  external  general  aperture,  the 
sarcode  segments  cannot  be  connected  by  stolons,  and  unless 
the  pores  of  the  contiguous  chamber-walls  serve  the  purpose 
of  stoloniferous  passages,  the  individual  chambers  must  have 
a  separate  rather  than  a  corporate  existence.  We  know, 
however  that  the  sarcode  of  perforate  Foraminifera  spreads 
itself  freely  over  the  surface  of  the  shell  before  extending 
itself  in  pseudopodial  filaments,  and  there  can  be  little  doubt 
that  the  interstices  amongst  the  sand-grains  of  the  contiguous 
chamber-walls  are  sufficient  to  afford  free  communication 
between  the  segments. 

The  absence  of  any  general  aperture  may  be  held  to 
account  for  the  irregular  growth  of  the  test  and  the  want  of 
order  amongst  the  segments,  for  it  is  clear  that  if  the  proto- 
plasm exudes  at  all  points  of  the  surface,  a  fresh  chamber 
may  be  formed  whenever  sufficient  has  collected  at  one  spot 
to  segregate  itself  into  a  mass  of  the  requisite  size. 

The  specimen  figured  (PL  IV,  fig.  18)  is  the  largest,  and 
on  the  whole  the  best,  that  has  hitherto  been  found.     In  one 
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of  the  *'  Challenger  "  dredgings  the  species  is  by  no  means 
uncommon,  but  owing  to  the  loose  crumbling  character  of 
the  testy  nearly  every  specimen  is  more  or  less  broken  and 
much  in  the  condition  of  that  represented  in  fig.  19  of  the  same 
plate.  A  number  of  individuals^  apparently  belonging  to  the 
same  species,  have  been  met  with,  bearing  only  three  or  four 
segments.  These  arc  generally  of  smaller  size,  and  are  com- 
posed of  finer  sand-grains;  the  segments  have  the  normal 
globular  shape,  but  they  are  more  symmetrically  arranged. 

The  distribution  of  Sorosphcera  confusa  appears  to  be 
somewhat  local,  but  in  areas  wide  apart*  It  occurs  amongst 
the  **  Challenger ''  gatherings  at  one  station  in  the  North 
Atlantic  (off  the  Azores,  900  fathoms),  at  one  in  the  South 
Atlantic  (off  Buenos  Ayres,  1900  fathoms),  and  at  two  points 
near  together  in  the  North  Pacific  (3050  and  2900  fathoms 
respectively),  and  I  have  also  met  with  it  in  one  of  the 
"  Porcupine  "  soundings  in  the  North  Atlantic. 

Ge»w*— PELOSINA,  nov. 
(TTiiXrfci  mud.) 
Oenerdl  Characters. — Test  free,  one-  or  many-chambered, 
with  walls  composed  of  a  thick  layer  of  mud,  terminating  in 
an  elongate  chitinous  neck. 

Pblosina  variabilis,  n.  sp.  PI.  Ill,  figs.  1,  2,  8. 

Characters. — Test  consisting  of  a  single  chamber,  or  of 
several  independent  (?)  chambers  irregularly  associated. 
Segments  unsymmetrical,  variable  in  shape,  generally 
rounded^  elongate  and  tapering.  Walls  thick,  composed  of 
fine  mud  deposited  on  a  chitinous  (?)  basis,  which  is  usually 
extended  beyond  the  body  of  the  test  as  a  sort  of  neck. 
Aperture  terminal.  Size  of  the  individual  segments  variable, 
sometimes  I  inch  (8  millim.)  or  more  in  length. 

It  is  not  easy  to  determine  with  any  certainty  the  affinities 
of  the  shapeless  or  irregularly  shaped  muddy  organisms 
which  have  been  placed  together  under  the  generic  name 
Pelosina.  That  they  are  inhabited  by  sarcode  animals  is 
known,  but  what  common  characters  they  may  have,  suffi- 
ciently permanent  and  distinctive  to  serve  as  the  basis  of  a 
zoological  group — ^generic  or  even|specific — is  not  so  manifest. 
Of  the  larger  Rhizopoda,  perhaps  Astrorhiza  limicola  pre- 
sents the  nearest  parallel  in  the  employment  of  indiscrimi- 
nate mud  as  the  material  for  the  construction  of  its  invest- 
ment, and  the  same  species  presents  an  example  of  the  com- 
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parative  absence  of  any  kind  of  cement  or  other  incorporating 
medium  for  the  extraneous  matters  ivhich  are  used  in  forming 
its  walls.  Hence  the  test  is  soft  and  crumbling  and  the 
requisite  strength  is  obtained  by  increased  thickness>  and 
it  is  never  compact,  enough  in  texture  to  be  spoken  of  as  a 
'*  shell." 

What  the  precise  nature  of  the  membranous  tubular 
prolongations  of  the  test  may  be^  whether  they  are  part  of  a 
definite  chitinous  envelope  or  merely  the  superficial  portion 
of  the  sarcode  in  a  somewhat  altered  condition^  has  not  been 
satisfactorily  determined.  The  genus  Astrorhiza  again 
furnishes  us  with  the  nearest  parallel.  The  specimen  of 
A.  comtt^a(Pl.IV,fig.  16)  has  tubular  membranous  extensions 
from  the  ends  of  the  branches^  not  always  simple^  as  in 
Pelosina,  but  usually  bifurcating ;  and  in  a  large  undescribed 
species  of  the  former  genus  of  which  I  have  a  specimen^ 
dredged  by  Mr.  F.  M.  Balfour  in  the  North  Sea,  a  con- 
siderable portion  of  the  boily  of  the  animal  has  a  membranous 
investment,  only  slightly  sprinkled  with  sand-grains  or  mud. 
These  facts  tend  to  indicate  that  Pelosina  should  have  a 
place  very  near  to  Astrorhiza  in  the  zoological  series. 

The  best  specimens  of  Pelosina  variabilis  amongst  the 
*^  Challenger''  deep-sea  spoils  are  from  a  sounding  on  the  east 
side  of  New  Zealand,  in  1100  fathoms,  but  single  specimens 
have  been  met  with  in  several  other  localities. 

Pblosina  rotundata,  n.  sp.  PI.  Ill,  figs.  4,  5. 

Characters. — ^Test  consisting  of  a  single  flask-shaped  or 
pyriform  chamber,  with  produced  membranous  neck.  Walls 
thick  composed  of  muddy  Glohigerina-ooie.  Diameter,  -^th 
inch,  (2  millim.). 

This  species  diflers  from  P.  variabilis,  in  that  it  consists 
uniformly  of  a  single  subglobular  or  pyriform  chamber,  and 
that  it  is  usually  of  smaller  dimensions.  The  walls  are  rela- 
tively  very  thick,  and  are  composed  of  soft,  greyish-white, 
muddy  material,  with  scarcely  any  incorporating  cement.  It 
naturally  follows  that  the  central  cavity  occupies  but  a  very 
small  proportion  of  the  entire  bulk  of  the  test. 

Pelosina  rotundata  appears  to  be  essentially  a  North 
Atlantic  species.  Amongst  the  "  Challenger''  dredgings  I 
have  only  found  it  from  one  station,  namely,  off  the  Azores, 
in  1676  fathoms,  but  it  occurs  in  one  of  the  *^  Porcupine" 
soundings  in  much  shallower  water,  109  fathoms. 
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G^tt*— HYPERAMMINA,  Brady. 

General  characters, — Test  free  or  adherent,  elongate, 
tubular ;  primordial  end  closed  and  rounded ;  opposite 
extremity  open  and  unconstricted,  forming  the  general  aper- 
ture.    Texture  arenaceous,  interior  smooth. 

Hyperammina  elongata,  Brady. 

Hvperammina  elongata,  1878.  *  Annals  and  Maf^.  Nat.  Hist./  Ser.  5,  vol.  i, 

p.  433,  pi.  20,  fig.  2  tf,  A. 

Characters. — Test  free,  in  the  form  of  a  straight,  or  nearly 
straight,  unbranched,  tapering  tube ;  the  wide  end  closed  and 
rounded,  the  narrow  end  constituting  the  general  aperture. 
Exterior  either  loosely  sandy  or  compact  and  smooth,  rarely 
polished.     Length  up  to  \  an  inch  or  more  (15  or  16  millim.). 

Amongst  the  dredged  sands  brought  home  by  Capt.  Feilden 
from  the  recent  North  Polar  Expedition  were  one  or  two 
specimens  of  this  somewhat  striking  type.  Compared  with 
examples  from  less  boreal  latitudes  they  are  very  small  and 
not  such  as  can  be  regarded  as  average  representatives  of  the 
species,  and  for  this  reason  the  drawings  which  accompany 
the  description  of  them,  though  quite  accurate,  must  be 
accepted  with  some  allowance  until  a  series  of  more  charac- 
teristic figures  can  be  furnished.  The  type  was  by  no  means 
unknown  previously,  inasmuch  as  fine  specimens  had  been 
found  in  dredgings  made  by  the  staff  of  the  *'  Porcupine"  in 
the  North  Atlantic,  and  in  material  obtained  by  the  '^  Chal- 
lenger'^ at  various  stations  both  in  the  North  and  South 
Atlantic  and  in  the  North  and  South  Pacific. 

The  texture  of  the  test  in  Hyperammina  elongata  is  some- 
what variable.  In  large  specimens  it  is  usually  loose  and 
sandy,  but  the  sand-grains  being  fine  and  of  nearly  even  size, 
the  exterior  is,  notwithstanding,  tolerably  smooth.  Small 
individuals  are  generally  much  longer  in  proportion  to  their 
diameter  than  the  larger  ones  ;  they  are  often  darker  coloured, 
and  their  exterior  is  usually  quite  smooth  or  even  polished. 
The  interior  in  all  cases  is  smooth  and  often  stained  brown, 
either  by  animal  secretion  or  by  the  adherent  remains  of 
dark  coloured  sarcode.  This  colouration  is  quite  distinct 
from  the  general  yellowish  hue  of  the  test,  which  is 
determined  by  the  presence  of  small  quantities  of  per- 
oxide of  iron.  As  has  been  before  stated,  the  geographical 
distribution  of  Hyperammina  elongata  is  very  wide,  and  this 
is  equally  true  of  its  bathymetrical  range,  but  though  the 
species  has  been  met  with  at  depths  up  to  2600  fathoms,  the 
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largest  specimens  have  been  found  in  dredgings  from  800  to 
500  fathoms. 

Htperakkina  bamosa^  n.  sp.  PL  III^  figs.  14^  15. 
Characters. — Test  free ;  consisting  of  a  subglobular  pri- 
mordial chamber  with  a  tubular  extension.  Tubular  por- 
tion branched ;  relatively  wide  at  its  commencement,  but 
narrowing  as  it  becomes  divided.  Texture  usually  loosely 
arenaceous ;  exterior  rough,  often  beset  with  sponge-spicules. 
Length  indefinite. 

This  organism,  though  manifestly  allied  to  the  typical  form 
last  described,  differs  from  it  in  several  important  particulars. 
The  test  never  attains  the  same  dimensions  as  the  larger 
examples  of  Hyperammina  dongata.  The  texture  is  gene- 
rally coarse^  and  the  surface  is  commonly  rough,  or  even 
hispidywiththe  sand-grains  and  partially  incorporated  sponge- 
spicules  used  as  building  material.  Instead  of  tapering 
uniformly  from  the  rounded  end,  the  test  is  constricted  near 
its  commencement,  so  as  to  form  a  more  or  less  bulbous  pri- 
mordial chamber.  The  tubular  limb  issuing  from  this  is 
branched  instead  of  simple,  wide  at  first,  but  narrowing  as  it 
becomes  more  and  more  divided.  The  finer  ramifications  are 
exceedingly  thin  and  fragile,  and  it  is  impossible  to  say  what 
length  they  may  attain. 

The  distribution,  both  geographical  and  bathymetrical,  of 
Hyperammina  ramoaa  is  very  similar  to  that  of  H.  elongata 
already  described.  The  two  species  are  very  often,  though 
by  no  means  invariably,  found  in  the  same  batches  of 
dredged  material.  Fragments  of  delicate  branching 
arenaceous  tubes  belonging  to  this  or  some  analogous  form 
are  exceedingly  common  in  deep-sea  material,  though  they 
often  cannot  be  identified  with  certainty. 

Hyperammina  vagans,  w.  sp.  PI.  V,  fig.  3. 

Characters. — Test  more  or  less  adherent ;  consisting  of  a 
spherical  primordial  chamber  opening  into  a  long,  usually 
unbranched  tube,  of  nearly  even  diameter,  sometimes  par- 
tially free,  but  commonly  spreading  in  irregular  tortuous 
lines  over  the  surface  of  shells,  stones,  or  other  foreign  bodies, 
the  open  unconstricted  end  of  the  tube  serving  as  the  general 
aperture.  Walls  thin ;  texture  finely  arenaceous ;  surface 
smooth  but  not  polished.  Colour  brown,  the  primordial 
chamber  usually  of  darker  hue  than  the  tube.  Length 
indefinite. 

In  some  areas  the  fine  arenaceous  tubes  of  this  or  other 
similar  Rhizopod  are  found  to  a  greater  or  less  extent  on 
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almost  every  fragment  of  shell  or  stone  presenting  a  surface 
favorable  to  their  growth.  It  is  rarely^  however,  that  the 
tests  are  even  approximately  complete  or  perfect,  and  the  pri- 
mordial chamber  being  generally  the  missing  portion  they 
have  hitherto  been  passed  oyer,  under  the  supposition  that 
they  were  the  tubes  of  adherent  annelids.  This  imperfection 
arises  from  the  fact  that  the  primordial  chamber  is  seldom 
completely  attached  to  the  body  on  which  the  remainder  of 
the  test  is  adherent.  The  tubular  portion  of  the  test  is  of 
indefinite  length  and  always  seeks  some  solid  basis  to  spread 
itself  upon,  in  the  absence  of  which  it  is  occasionally  found 
in  little  masses  formed  of  irregular  coils  adherent  to  each 
other.  The  bulbous  end  is  often  quite  free,  projecting  above 
the  remainder  of  the  test,  from  which  it  does  not  otherwise 
differ  in  external  characters,  except  that  it  is  of  a  darker 
reddish-brown  colour. 

Hyper€tmmina  vagans  differs  from  both  H.  ehngata  and 
H.  ramosa  in  its  parasitic  habit ;  from  the  former  also  in  the 
great  length  and  tortuous  course  of  the  tubular  portion,  and 
from  the  latter  in  the  simple  unbranched  contour  of  its 
extensions.  There  is  only  one  Foraminifer,  so  far  as  I  know, 
with  which  it  is  at  all  likely  to  be  confounded,  namely, 
Weiiina  clavaia,  P.  and  J.,  but  the  primordial  chamber  in 
that  species  is  a  simple,  adherent,  tent-like,  shelly  dome,  and 
the  tube  a  semi-cyiindrical  covering,  neither  of  which  has 
anyfloor  proper  to  itself. 

There  is  a  fossil  organism,  occasionally  met  with  in 
palaeozoic  limestones,  of  considerable  interest  in  connection 
with  this  species.  It  consists  of  rounded  masses  of  finely 
arenaceous  tubes  folded  irregularly  backwards  and  forwards, 
or  otherwise  coiled,  so  as  to  form  little  bundles.  My  friends. 
Prof.  H.  A.  Nicholson,  and  Mr.  R.  Etheridge,  jun.,  have  re- 
cently called  my  attention  to  some  of  these,  which  exist  in 
laree  numbers  in  the  Silurian  rocks  of  Girvan  in  Ayrshire, 
and  they  will,  I  believe,  be  described  in  their  forthcoming 
Ponograph  of  Girvan  Fossils,'  under  the  provisional  generic 
term  CHrvanella.  When  the  time  comes  for  treating  the 
*^  Challenger''  Bhizopoda  in  detail,  I  shall  be  able  to  give 
drawings  of  specimens  of  Hyperammina  vctgans,  which 
scarcely  differ  from  the  palaeozoic  fossil  except  in  their  some- 
what larger  size. 

For  the  most  part  JET.  vagans  is  a  deep-sea  species,  the 
finest  specimens  being  from  two  dredgings  in  about  1^000 
fathoms,  one  in  the  North  Pacific,  the  other  in  the  South 
Atlantic,  but  it  occurs  also  at  smaller  depths,  especially  in  the 
North  Atlantic. 
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Oenus — JACULELLA^  not?. 

Jaculella  acuta^  n.  sp.   PI.  III^  figs.  IS^  13. 

Characters. — Test  elongate^  straight  or  nearly  so,  closed 
and  pointed  at  one  extremity,  gradually  increasing  in  width 
towards  the  other,  which,  slightly  constricted  and  rounded, 
but  otherwise  open,  forms  the  general  aperture.  Texture 
arenaceous,  very  compact,  and  hard ;  exterior  surface  rough, 
interior  also  rough,  but  in  a  less  degree.  Colour  rich  brown 
in  the  earlier  portion  of  the  test,  becoming  gradually  lighter 
towards  the  wide  end.    Length  I  inch  (8*5  milUm.). 

It  is  often  an  exceedingly  difficult  matter  to  determine 
whether  the  tubular,  non-septate,  arenaceous  tests,  so  fre- 
quently met  with  in  certain  localities  and  in  such  diverse 
rorms,  have  belonged  to  sarcode  animals  or  to  annelids,  and 
there  is  unfortunately  no  character  short  of  those  pertaining 
to  the  live  inhabitant  that  can  be  regarded  as  certain  evi- 
dence. Annelid  tubes  of  the  commoner  species  are  easily 
recognised,  and  so  also  are  the  cylindrical  tests  of  Rhizopoda 
when  they  are  either  septate  or  labyrinthic,  or  show  a  dis- 
tinct primordial  chamber;  but  many  of  the  specimens 
alluded  to,  both  arenaceous  and  porcellanous,  present  none 
of  these  features,  and  the  decision  rests  on  probabilities 
rather  than  positive  indications. 

These  remarks  apply  with  some  force  to  the  species  now 
under  consideration.  The  specimens  were  selected  from  a 
number  of  doubtful  organisms,  as  probably  of  Rhizopod 
origin,  on  the  strength  of  two  or  three  characters  which, 
taken  together,  were  thought  to  have  considerable  weight. 
The  first  of  these  was  the  firmly  arenaceous  texture  of  the 
test,  then  the  distribution  of  colouring  matter  which,  as  in 
Hyperammina  vagans  and  several  other  species,  is  of  deep 
brown  red  in  the  early  portions  and  gradually  becomes 
lighter,  and,  lastly^  a  fact  of  negative  value,  namely,  that 
the  rough  interior  appeared  ill-adapted  for  the  organisation 
and  life  conditions  of  an  annelid.  Not  trusting  my  own 
opinion  on  the  matter,  I  submitted  some  of  the  tests  to  Dr. 
Mcintosh,  the  recognised  British  authority  on  the  Annelida, 
who  after  examining  them,  expressed  a  very  decided  belief  that 
they  did  not  belong  to  animals  of  that  group.  On  the  other 
hand,  there  is  no  other  non-septate  type  of  Rhizopoda  with  a 
test  increasinff  so  rapidlv  in  diameter,  and  with  an  aperture 
relatively  so  large ;  and,  again,  almost  every  specimen,  if 
not  every  one,  has  a  minute  orifice  at  the  narrow  end.    The 
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first  of  these  objections  is  of  little  real  weighty  and  the  second 
may  depend  on  accidental  breakage^  a  not  improbable  occur- 
rence under  the  circumstances.  Whilst  still  hesitating  about 
my  specimens  the  Rev.  A.  M.  Norman  had  obtained  the  same 
species  in  his  dredgings  from  the  coast  of  Norway 9^  and^ 
without  knowing  that  I  had  been  working  upon  it^  had 
assigned  it  in  his  own  mind  to  the  Foraminifera.  He  sug- 
gested the  name  JaculeUa  as  applicable  to  the  genus,  and  I 
am  very  glad  to  adopt  it. 

The  form  and  general  appearance  of  JaculeUa  acuta  is 
shown  in  PI.  Ill,  fig.  IS ;  and  fig.  18  represents  a  specimen 
ground  down  to  show  the  interior.  As  has  been  said,  it  is 
exceedingly  rare  to  find  a  large  individual  with  the  thinner 
extremity  perfect,  and  the  test  is  so  hard  and  brittle  that  it 
breaks  away  still  more  in  process  of  grinding. 

The  largest  specimens  of  this  species  which  have  been  met 
with  in  the  '^  Challenger*'  material  are  from  Station  \%%  (off 
the  coast  of  Brazil,  850  fathoms),  and  some  of  these  are  a 
third  of  an  inch  or  more  in  length.  Its  range  of  distribu- 
tion can  hardly  at  present  be  satisfactorily  laid  down. 

G^t^.—MAKSIPELLA,  Norman. 

Marsifella  granulosa,  n.  $p.    PL  III,  figs.  8,  9. 

CAar^^^r^.— -Test  free,  fusiform,  tapering  nearly  equally 
towards  both  ends ;  composed  of  fine  grey  sand,  with  very 
little  calcareous  cement.  Cavity  nearly  uniform  in  diameter ; 
walls  thickest  in  the  middle  of  the  test.  Exterior  granular, 
interior  nearly  smooth.  Apertures  simple,  one  at  each  end 
of  the  test  often  tinged  brown.  Length  f  inch  or  more 
(5  or  6  millim.). 

Amongst  the  Rhizopoda  of  the  ^^  Porcupine"  Expedition  is 
a  very  striking  species,  common  in  certain  areas,  having  an 
elongate,  fusiform  test,  often  curved  and  twisted,  especially 
near  the  extremities,  and  usually  tapering  more  rapidly  at 
one  end  than  at  the  other.  The  test  is  formed  of  sand- 
grains  neatly  fitted  together,  or,  especially  near  the  ends,  of 
acicular  sponge-spicules,  laid  side  by  side  and  united  by  just 
sufficient  calcareous  cement  to  produce  a  firm  investment. 
The  extremities  are  both  open,  and  serve  as  pseudopodial 
apertures.    Dr.  Carpenter  assigns  this  form  to  Williamson's 

*  Mr.  Norman  also  tells  me  that  he  dredged  Jaculella  in  St.  Magnus' 
Bay,  Shetland,  in  about  60  fathoms,  in  1867,  and  it  thus  becomes  an 
addition  to  the  British  Fauna. 
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genus  Proteonina.^  The  Rev.  A.  M.  Norman^  in  his  in- 
teresting paper  on  HaUphysema  and  forms  apparently  allied 
to  it^  has  thrown  much  light  on  the  group  to  which  the 
'^  Porcupine"  species  probably  belongs,  and  discarding  the 
supposed  affinity  to  the  so-called  Proteonina^  which  is  a 
feeble  Lituoline  form  of  the  Haplophragmium  series,  has 
given  it  the  new  generic  name,  Marsipella.  In  this  course 
I  entirely  concur. 

As  the  occurrence  of  Marsipella  elongata,  Norman,  is 
pretty  much  confined  to  areas  in  the  Atlantic,  further  north 
than  any  point  in  the  line  of  the  "  Challenger"  cruise,  its 
history  need  not  be  dwelt  upon  here,  but  a  form  which 
appears  more  nearly  allied  to  it  than  to  any  other  described 
type  is  occasionally  met  with  in  southern  latitudes.  This  I 
propose  to  call  Marsipella  granulosa.  It  agrees  with  M. 
elongata  in  its  fusiform  contour,  and  in  having  an  aperture 
at  each  extremity  of  the  test,  and  these  perhaps  may  be 
regarded  as  the  essential  characters  of  the  genus.  On  the 
other  hand,  the  test  is  composed  entirely  of  fine  sand,  and  it 
is  much  less  compactly  built  than  that  of  M,  elongata^  the 
walls  being  thick  in  the  middle  and  thinning  away  towards 
the  ends.  A  specimen,  laid  open,  is  shown  in  PI.  Ill,  fig.  9, 
but  portions  of  the  slender  extremities  have  crumbled  away  in 
the  process  of  grinding.  Figure  8,  of  the  same  plate,  repre* 
sents  a  nearly  perfect  individual.  The  material  selected  for 
the  construction  of  the  test,  in  the  absence  of  sponge  spicules, 
is  an  even-grained,  light-coloured,  very  fine  sand,  and  as  the 
amount  of  cement  (whatever  it  may  be)  secreted  by  the  animal 
is  very  small,  the  requisite  solidity  appears  to  be  attained  by 
the  thickening  of  the  walls,  and  this  takes  place  to  such  an 
extent  that  the  central  cavity  is  little  more  than  a  tube  of 
nearly  even  diameter.  The  interior  is  smooth  and  stained 
reddish  brown  to  a  greater  or  less  degree,  and  the  same 
colouration  is  also  apparent  externally  at  the  extremities  of 
the  test  around  the  orifices. 

The  best  specimens  of  Marsipella  granulosa  have  been 
found  in  a  dredging  off  the  Azores,  at  a  depth  of  1000 
fathoms. 

©cwtw— RHABDAMMINA,  M.  Sars. 

Rhabdammina  linearis,  n.  sp.     PI.  Ill,  figs.  10,  11. 

Characters, — Test  free,  linear ;  straight  or  curved  ;  con- 

>  Carpenter,   'The   Microscope/  fifth   ed.,  1875,  p.  533,   fig.    373, 
d.  tf./;— Wmiiamson,  •  Rec.  For.  Gt.  Br.,'  p.  1,  pi.  1,  figs.  1—3. 
t  *  AnDals  and  Mag.  Nat.  Hist./  ser.  5,  vol.  i,  p.  281,  pi.  16,  fig,  7, 
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sisting  of  a  cylindrical  arenaceous  tube^  with  swollen  centra 
chamber.    Tubular  portion  often  irregular  in  outline^  taper- 
ing towards  the  ends;  shell-wall  of  the  central  chamber 
thinner   than    that   of  the     two    arms.     Length    ^  inch 
(4*6milliro.). 

Amongst  the  types  of  arenaceous  Rhizopoda  enumerated 
by  the  lamented  Scandinavian  naturalist,  Michael  Sars,  in 
the  short  paper  summarising  the  results  of  his  deep -sea 
researches/  is  a  fine  large  species,  which  he  names  Bhabdani' 
mina  abyssorum.  In  the  absence  of  any  description  from  the 
pen  of  the  discoverer  it  may  be  characterised  as  having  a 
radiate  test,  consisting  of  three  to  five  long  arenaceous  tubes, 
diverging  from  the  central  point  like  the  spokes  of  a  wheel. 
In  specimens  from  some  localities  there  is  a  small  central 
chamber,  and  in  these  cases  the  arms  are  broad  at  the  point 
of  insertion  and  somewhat  tapering,  but  more  frequently  the 
arms  are  of  nearly  even  diameter,  and  there  is  little  or  no 
swelling  at  the  point  of  union.  Generally  speaking,  the 
tubular  portions  radiate  on  one  plane  and  the  test  is  com- 
planate,  but  sometimes  this  order  is  not  observed,  and  they 
diverge  irregularly.  Specimens  of  Bhabdammina  abyssorum 
from  the  southern  hemisphere  do  not  differ  in  any  important 
particular  from  those  obtained  by  Sars  from  a  depth  of  460 
fathoms  off  the  Norwegian  coast.  Under  favorable  conditions 
the  species  attains  a  considerable  size,  but  owing  to  the 
tenuity  and  brittleness  of  the  rays  it  is  seldom,  probably, 
that  specimens  are  quite  perfect;  examples,  however,  are 
not  uncommon  that  must>  when  complete,  have  measured  an 
inch  from  point  to  point. 

In  three  or  four  of  the  ''  Challenger"  dredgings  there  is 
found  a  much  smaller  form  referable  to  the  same  genus,  but 
with  sufficiently  distinctive  characters  of  its  own,  and  this  I 
propose  to  name  Bhabdammina  linearis.  It  may  be  regarded 
as  a  two-rayed  modification  of  the  type,  with  a  central  in- 
flated cavity.  The  two  arms  are  seldom  of  the  same  dia- 
meter, nor  are  they  usually  set  on  so  as  to  form  a  right  line. 
In  texture  the  test  is  more  loosely  built,  and  the  sand-grains 
less  completely  incorporated,  than  in  the  typical  species.  In 
light-coloured  specimens  the  extremities  are  sometimes  stained 
reddish  brown. 

The  mere  fact  of  possessing  but  two  arms  instead  of  three, 

four,  or  five,  would  not  by  itself  constitute  a  valid  reason  for 

distinguishing  a  variety  by  name,  especially  if  it  were  found 

in  company  with  the  radiate  form ;  but,  taken  in  conjunction 

1  'yiden8k.-SelBk.  Forhandinger'  for  1868. 
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with  its  much  smaller  size — often  not  7V  ^^*  i^  entire  length 
— and  its  occurrence  in  localities  in  which  the  other  is  not 
found  at  aU^  there  can  be  little  doubt  of  its  title  to  a  distinc- 
tiye  appellation. 

^  The  best  "  Challenger ''  specimens  of  Rhahdammina 
linearii  have  been  obtained  from  dredgings  off  Sombrero 
Island  and  off  Culebra  Island  (West  Indies)  in  450  fathoms 
and  890  fathoms  respectively^  and  from  a  deeper  sounding 
(1900  fathoms)  off  the  coast  of  South  America^  in  latitude 
85°  59^  S. 


&6nti#— RHIZAMMINA,  nov. 

(p($a«aroot;  S/i/uoc^  sand). 

Rhizammina  algjbfobmis^  n.  sp.    PI.  lY^  figs.  16^  17. 

Characters. — ^Test  free^  tubular,  branching,  flexible ;  form- 
ing tangled  weed-like  tufts  of  indefinite  size.  Texture 
chitino-arenaceous,  slightly  rough  externally ;  colour  brown. 

Amongst  the  doubtful  organisms  which  have  from  time  to 
time  been  dredged  in  deep-water  in  various  parts  of  the 
world,  minute,  branching,  fiexible  tubes,  with  rough  exterior 
from  embedded  sand-grains,  have  not  been  the  least  frequent. 
These  have  hitherto  occurred  in  comparatively  small 
numbers,  and  though  they  have  been  supposed  to  belong  to 
the  Bhizopoda,  their  precise  nature  has  not,  as  far  as  I  am 
aware,  been  investigated.  At  one  of  the  *^  Challenger '' 
stations  off  the  western  coast  of  South  America,  in  about 
the  latitude  of  Valparaiso,  the  principal  part  of  the  con- 
tents of  the  dredge  consisted  of  a  weed-like  organism  of  this 
sort. 

At  first  sight  its  tangled  threads  bear  considerable  resem- 
blance to  masses  of  some  Melanospermous  Alga,  such  as 
Stihphora  rhizodes,  but  quite  apart  from  the  fact  that  the 
sarcode  animal  was  observed  whilst  still  in  fresh  condition, 
the  structure  of  the  investment  of  the  preserved  specimens 
is  sufficient  to  determine  its  Rhizopod  affinities.  My  friend 
Mr.  Hollick  has  not  been  quite  so  successful  as  is  his 
wont,  in  the  figure  representing  a  bit  of  the  organism  of  the 
natural  size  (PI.  lY,  fig.  16),  but  the  enlarged  drawing 
(fig.  17)  gives  very  accurately  the  appearance  of  a  portion  of 
one  of  the  younger  and  more  transparent  branches  mounted 
in  Canada  balsam. 

When  spread  out  on  a  white  surface  the  mass  is  seen  to 
be  composed  of  branching  tubes,  varying  in  diameter  from 
<^  to  ^  of  an  inch  (0-68  to  082  millim.).    What  their 
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original  length  may  have  been  it  is  impossible  to  say,  but  it 
is  seldom  that  pieces  can  be  separated  of  more  than  an  inch 
or  an  inch  and  a  half  long.  There  is  no  evidence  that  it 
has  grown  attached  to  any  foreign  body,  though  it  is  quite 
possible  that  it  may  have  done  so.  The  branching  does  not 
take  place  on  any  definite  plan.  Entangled  amongst  the 
branches  are  often  fragments  of  Polyzoa  and  other  similar 
organisms. 

Notwithstanding  the  flexibility  and  apparent  softness  of 
the  tubes,  the  proportion  of  organic  matter  they  contain  is 
relatively  very  small.  A  mass  of  the  "  weed,"  thoroughly 
washed  to  free  it  from  soluble  saline  matter,  and  dried  at 
100^  centigrade,  left  87*6  per  cent,  of  ash  after  ignition,  and 
this  was  almost  entirely  composed  of  silica.  When  living, 
or  in  the  fresh  condition,  the  proportion  of  inorganic  consti- 
tuents would  necessarily  be  a  good  deal  smaller,  but  the 
amount  of  moisture  normally  present  in  the  test  could  not 
be  estimated  from  specimens  which  had  been  preserved  for  a 
lonff  period  in  alcohol.  Under  the  microscope  the  appearance 
of  the  tubes  would  give  the  idea  that  the  chitinous  or  organic 
basis  formed  a  much  larger  proportion  of  the  entire  weight. 
The  arenaceous  constituents  are  partly  in  the  form  of  minute 
angular  sand-grains  embedded  in  the  chitinous  envelope  but 
sufficiently  exposed  to  give  the  surface  a  distinctly  rough 
appearance,  and  partly  of  the  empty  siliceous  tests  of  Radio- 
laria,  which  abound  m  the  mud  of  the  sea-bottom  in  this 
particular  locality. 

Boiling  in  water  has  no  appreciable  efiect  on  the  organism 
in  the  condition  in  which  it  has  come  into  my  hands,  that  is, 
after  long  maceration  in  alcohol ;  and  moderately  strong  acetic 
acid  produces  no  perceptible  change  in  it,  even  on  the  applica- 
tion of  heat.  Heated  m  dilute  hydrochloric  acid  (1 — 1)  there 
is  at  first  a  slight  effervescence,  carbonic  acid  being  evolved 
from  a  few  minute  Foraminifera  built  into  the  test  rather 
than  from  any  calcareous  cement,  of  which  there  appears  to 
be  little  or  none.  Under  the  influence  of  hydrochu)ric  acid 
most  of  the  tubes  break  up,  and  eventually  become  entirely 
disintegrated,  owing  apparently  to  the  solution  of  the 
organic  matter.  In  those  which  remain  the  test  appears 
as  a  colourless  sandy  envelope,  and  the  sarcode,  which  has 
swollen  to  its  original  size,  as  a  granular,  transparent 
brown  mass,  filling  the  cavity  of  the  tube.  With  nitric  acid 
(1 — 4)  the  disintegration  is  much  more  rapid,  and  after  a  time 
there  is  but  little  residue  beyond  the  siliceous  constituents. 

treated  with  oaustlP  potash  and  heated,  the  tubes  are  con- 
ll()^r^()ljr  disintegrated/  bu(  iq  a  diffpr^nt  way,    Thpse  tJ^^t 
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retain  their  form  are  split  and  empty,  as  though  the  contents 
had  swollen  to  bursting  before  being  dissolved  out.  Digestion 
in  these  cases  was  not  carried  far  enough  to  dissolve  much  of 
the  siliceous  matter,  and  the  split  tubes  therefore  represented 
the  inorganic  portion  of  the  investment. 

There  is  no  other  Rhizopod  to  which  Rhizammina  can  be 
very  accurately  compared,  but  it  has  perhaps  most  in  common 
with  the  branching  tubes  of  Hyperammina  vagam :  in  point 
of  fact,  it  represents  a  very  distinct  type  of  organisation. 

The  locality  alluded  to,  in  which  it  is  so  abundaot,  is  the 
"  Challenger  "  Station,  No.  299,  lat.  38^  81'  S. ;  long.  74^  48' 
W. ;  that  is,  between  the  Island  of  Juan  Fernandez  and  the 
western  coast  of  South  America;  depth  S160  fathoms. 

C?^W5— SAGENELLA,  nov. 

(cray^vij,  a  drag-net). 

Sagenblla  frondescens,  n.  sp.    PL  V,  fig.  1.) 

Characters. — Test  adherent ;  consisting  of  long,  finely 
arenaceous  covered  passages,  ramifying  or  forming  a  network 
over  the  surface  of  shells  or  other  bodies.  Branches  bifur- 
cating, each  limb  terminating  in  a  neatly  rounded  aperture. 
Colour  white  to  very  light  brown.  Length  indefinite  ; 
diameter  of  the  larger  passages  ^  inch  (0*4  millim.)  of  the 
smaller  branches  -j-^  inch  (0'12  millim.). 

This  singular  little  organism  occurs  amongst  the  Nullipore 
debris  of  shallow  water  in  the  South  Pacific,  in  company  with 
other  parasitic  Rhizopoda,  such  as  Placopsilina,  Planorbulina, 
and  IVuncatuUna,  There  is  possibly  no  other  known  in- 
stance of  a  Foraminifer  with  a  distinctly  reticulating  test, 
either  free  or  adherent,  but  it  is  not  diflScult  to  understand 
how  the  inosculation  of  the  passages  takes  place.  The 
branches  commonly  bifurcate  at  their  extremities,  and  each 
fresh  branchlet,  after  growing  about  a  thirtieth  of  an  inch, 
more  or  less,  divides  again  in  the  same  way ;  thus,  however 
irregular  the  growth,  the  sarcode  projecting  from  the 
difierent  apertures  must  continually  meet,  and  the  ends 
naturally  coalesce ;  the  investment  being  formed  as  growth 
proceeds,  an  irregular  shelly  network  of  necessity  results. 
The  test  is  very  finely  arenaceous,  and  it  appears  to  be  really 
tubular,  that  is  to  say,  it  is  not  a  mere  tent-like  covering  with- 
out a  floor  proper  to  itself,  like  that  of  Webbina.  It  occurs  in 
little  patches  a  quarter  of  an  inch  or  more  in  diameter,  of 
i(f)iite  9r  light  yello^isl^-brovrn  colourf    The  ^nds  of  th§ 
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branches  are  seldom  perfect^  owing  to  their  delicate  nature^ 
but  when  they  have  been  accidentally  protected  and  remain 
complete^  they  show  smooth^  rounded  apertures  formed  of 
clear  shell-substance. 

The  best  specimens  of  SageneUa  frtrndescenn  have  been 
found  in  Nulhpore  dredged  off  the  Admiralty  Islands^  at  a 
depth  of  from  16  to  85  fathoms. 

&^u«.— ASTBOBHIZA,  Sandahl. 

Astrorhiza,  Sandahl^  M.  Sars^  Carpenter^  Norman. 
Haeckelina,  Bessels. 
AstrodiscuB,  F.  E.  Schulze. 

AsTBORHiZA  CATENATA,  NoTtnan.    PL  IV^  figs.  12;  18. 

Jtirorhiia  eaienaia,  Norman,  1876.    ^Proo.  Boy.  Sec./  vol.  uly,  p.  213. 

The  Bey.  A.  M.  Norman  (loc.  cit.)  describes  this  species  in 
the  following  words : — "  The  chambers  are  more  or  less  ovoid, 
not  flattened;  as  in  the  previously  known  forms,  but  equally 
rounded  on  the  sides  and  above  and  below ;  the  spoke-like 
pseudopodian  processes,  instead  of  being  all  on  one  plane, 
as  in  A.  limioola,  radiate  in  all  directions.  Several  speci- 
mens occurred  in  which  two  chambers  were  united  together, 
a  fresh  chamber  being  developed  at  the  end  of  one  of  the 
radiating  processes  ;  and  it  is  probable  that,  in  its  most  per- 
fect state,  the  animal  would  consist  not  only  of  a  series  of 
chambers  extending  on  all  sides,  as  in  A.  limicola,  but  of 
other  chambers  superimposed  on  these,  so  that  the  whole 
animal  would  be  of  most  complex  type.  The  arenaceous  in- 
vestiture consists  of  fine  sand-grams  and  spouge-spicules 
firmly  (not  loosely,  Min  A.  arenaria)  cemented  together,  and 
is  of  a  ruddy  hue,  but  not  ferruginous,  Astrorhiza  catenata, 
n.  sp.f  may  be  the  name  to  distinguish  this  animal." 

My  friend  Mr.  Norman  has  recognised  the  two  figures 
(PI.  IV,  figs.  12, 18)  as  pertaining  to  his  species,  a  fact  which 
had  not  suggested  itself  to  me,  so  little  impression  does  verbal 
description,  unaccompanied  by  drawings,  make  upon  the  mind 
in  such  cases.  I  should  have  had  much  hesitation  in  placing 
my  own  specimens  in  the  same  genus  with  either  the  muddy, 
discoidal,  radiate  Astrorhiza  Itmicola,  or  with  an  organism 
having  the  thick,  soft,  sandy  walls  and  flat  branching  con- 
tour of  Dr.  Carpenter^s  species;  but  their  number  is 
small,  and  they  scarcely  afford  a  means  of  forming  a 
confidenf  opinion ;  at  any  rate  I  am  not  prepared  to  debate 
the  point  in  opposition  to  the  views  of  so  experienced  a 
zoologist.    The  largest  example  in  my  collection  is  less  than 
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tV  inch  (2*5  millim.)  in  entire  length ;  it  has  two  segments^ 
and  appears  to  have  had  a  third.  Either  of  the  other  species 
attains  many  times  this  size.  The  walls  are  thin^  compact^ 
and  brittle,  and,  as  stated  in  the  description,  are  largely  made 
up  of  sponee  spicules. 

The  '^  Challenger''  dredgings  have  yielded  specimens  from 
the  South  Pacific  (2760  fathoms)  and  from  the  North 
Atlantic  (West  Indies,  290  fathoms);  Mr.  Norman's  were 
from  the  material  obtained  on  the  cruise  of  the  '' Valor- 
ous" (off  Greenland,  1860  fathoms) ;  and  others  have  been 
found  at  one  at  least  of  the  '^  Porcupine' '  stations  in  the 
North  Atlantic  (1215  fathoms). 

ASTBORIZA  CORNUTA,  H.  $p.      PI.  IV,  figS.  14,  15. 

Characters. — ^Test  free,  irregular ;  outspread  or  rounded, 
with  branching  or  tapering  radiating  processes  ;  interior  fol- 
lowing the  same  general  form  as  the  test;  non -septate. 
Branches  either  terminating  in  simple  apertures,  or  furnished 
with  simple  or  bifurcating,  open,  chitinous  tubes,  which  serve 
the  same  end.  Exterior  very  rough,  composed  of  coarse 
sand-grains  firmly  cemented  together.  Size,  ranging  from 
•^  inch  (1*25  millim.)  in  the  rounded  forms,  to  i  inch  (6 
millim.)  in  the  outspread  varieties. 

Accepting  the  view  that  the  organism  last  described  really 
belongs  to  the  genus  Astrorhiza,  there  can  be  little  doubt 
that  the  specimens  represented  in  PI.  IV,  figs.  14, 15,  also 

{certain  to  the  same  group ;  indeed,  they  exhibit  something 
ike  the  mean  of  the  characters  oi  A.  arenaria  and  A. 
catenata.  Many  of  the  specimens  have  very  much  the  con- 
tour of  the  former  species,  and  differ  from  it  principally  in 
shell  texture,  whilst  some  of  the  rounded  forms  are  chiefly 
distinguishable  from  A.  catenata  by  possessing  only  a  single 
chamber  when  fully  grown.  As  may  be  inferred  from  what 
has  been  already  said,  the  thick,  loosely-aggregated  test 
appears  to  me  to  furnish  the  most  significant  character  of 
Astrorhiza  limicola  and  A.  arenaria ,  and  therefore  the 
affinity  of  the  species  now  described  is  with  A.  catenata 
rather  than  with  these.  ^ 

Specimens  of  Astrorhiza  comuta  have  been  found  at  two 
of  the  '^  Challenger"  stations,  namely,  in  the  South  Atlantic, 
off  Pernambuco,  350  fathoms,  and  in  the  South  Pacific,  off 
New  Zealand,  1100  fathoms ;  examples  also  occur  at  one  of 
the  **  Porcupine "  stations  in  the  North  Atlantic,  in  816 
fathoms. 
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Genui—ASCREUONELLA,  nov. 

ASCHEHONBLLA  SCABRA^  n.  8p.      PI.  Ill,  figS.  6,  7. 

Characters. — Test  free,  consisting  of  one  or  more  chambers 
of  irregular  size  and  shape.  Chambers  inflated,  often  with 
more  than  two  tubnlated  apertures,  any  of  which  may  pro- 
duce a  fresh  segment.  Walls  thin,  compactly  built ;  exte- 
rior slightly  rough,  sometimes  acerose  with  partially  em- 
bedded sponge-spicules.  Segments  variable  in  size ;  length 
7  inch  (3  millim.),  more  or  less. 

This  is  a  type  the  nature  and  affinity  of  which  it  is  very 
difficult  to  comprehend.  The  form  and  size  of  the  segments 
might  almost  seem  to  be  a  matter  of  accident,  and  yet  when 
a  number  are  seen  together  they  bear  a  quite  unmistakable 
general  resemblance  to  each  other,  not  only  in  shell-texture 
and  substance,  but  in  their  habit  of  growth.  It  is  im- 
possible to  describe  the  multiplicity  of  forms  the  chambers 
assume.  Sometimes  they  are  elongate,  straight  or  curved 
tubes,  with  rounded  or  tapering  ends,  either  unconstricted 
or  constricted  at  intervals,  as  though  tied  up  crookedly. 
More  commonly,  instead  of  the  two  terminal  aper- 
tures, that  the  chambers  of  polythalamous  Foraminifera 
usually  present,  the  lobes  have  three  or  four,  or  even  five, 
tubulations,  any  one  of  which  may  give  rise  to  a  new  segment, 
for  which  it  forms  the  stoloniferous  passage.  Very  often 
the  segments  are  forked,  and  each  branch  terminates  in  an 
aperture.  A  large  proportion  of  the  specimens  have  only  one 
chamber,  but  probably  this  is  in  part  due  to  fracture,  the 
connecting  tubes  being  narrow  and  slender  in  proportion  to 
the  weight  of  the  lobes,  but  many  have  two,  and  occa- 
sional examples  have  been  found  with  three,  segments.  In 
point  of  size  the  variation  is  equally  marked ;  the  individual 
segments  vary  from  very  small  dimensions  up  to  one  fifth  of 
an  inch  or  even  more  in  length. 

AschemoneUa  soabra  is  by  no  means  a  common  species, 
though  it  occurs  sparingly  at  several  of  the  **  Challenger" 
stations.  It  appears  to  affect  deep  water,  for  of  the  six 
localities  in  which  it  has  been  found  all  have  recorded 
depths  of  1000  fathoms  or  more,  and  half  of  them  of  over  2000 
fathoms.  Two  of  these  stations  are  in  the  North  Atlantic 
(off  the  Azores  and  south-west  of  the  Canaries),  one  in  the 
South  Atlantic  (east  of  Buenos  Ayres^,  aud  t^^ree  in  tb^ 
North  Pacific. 
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Genus-^TBJJRAMMISA,  nov. 

(9vp(Cf  a  cell;  afifio^,  sand). 

General  characters. — Test  free  or  adherent;  either  con- 
sisting of  a  single  rounded  chamber^  sometimes  envelopinff 
a  similar  one  of  smaller  size^  or  of  two  or  more  (apparently) 
independent  chambers  adhering  to  each  other.  Texture 
thin ;  arenaceous  or  chitino-arenaceous.  Surface  beset  with 
numerous^  perforate,  nipple-shaped  protuberances. 

Thtrammika  fapillata,  ».  sp.    PL  V,  figs.  4 — 8). 

Orboline  Idiuola,  Carpenter,  1875,  '  The  Miorosoope  and  its  Eeyelations/ 
Fifth  Ed.,  p.  533,  fig.  273,  y.  k. 

Characters. — ^Test  free  or  adherent ;  usually  consisting  of  a 
single  spheroidal  chamber,  with  or  without  an  elongated  neck ; 
occasionally  of  two  or  more  of  such  chambers  mutually 
adherent.  Surface  studded  with  irregularly  disposed  per- 
forate papillae.  Colour  brown ;  shell-wall,  very  thin,  com- 
posed of  light-coloured  sand-grains  fitted  together  accurately 
with  reddish-brown  cement.  Diameter  of  the  chambers  -^^ 
inch  (0*5  millim.),  more  or  less. 

Dr.  Carpenter  (loc.  cit.)  gives  a  partial  description  of  this 
type,  founded  apparently  on  an  insufficient  number  and 
variety  of  specimens,  to  yield  a  clear  sense  of  its  morpholo- 
gical range.  The  shell  represented  by  fig.  4  (PL  Y)  gives 
a  fair  idea  of  its  usual  contour  and  condition,  but  it  frequently 
happens  that  the  neck  is  wanting,  and  in  such  cases  there  is 
no  general  pseudopodial  aperture  distinct  from  the  orifices  of 
the  papillae.  Occasionally  the  test  is  adherent  either  to  a 
piece  of  shell,  as  in  fig.  5,  or  to  some  other  foreign  body,  and 
then  the  shape  is  altered  to  meet  its  changed  relations. 
Sometimes  two  or  three  chambers  are  found  adherent  to  each 
other,  as  in  fig.  8,  but  in  such  cases  the  individual  segments 
appear  to  retain  their  independence,  and  not  to  assume  with 
each  other  a  corporate  existence  as  a  single  polythalamous 
organism.  That  is  to  say,  the  polythalamous  condition  depends 
on  the  adhesion  of  spheres  by  their  contiguous  surfaces  rather 
than  on  the  segmentation  of  sarcode  and  the  formation  of 
connecting  stolons  with  corresponding  shelly  investment. 
Occasionally,  though  rarely,  on  breaking  the  test  a  second 
smaller  chamber  with  papillate  projections  is  found  in  the 
interior ;  such  an  example  is  seen  in  fig.  6,  and  a  primordial 
chamber  of  this  sort  from  another  shell  is  shown  in  fig.  7. 

The  minute  structure  of  the  shell-wall  is  very  beautiful. 
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It  is  formed  of  angular  sand-grains  accurately  fitted  to  each 
other  and  held  together  with  a  dark  reddish-brown  cement. 

The  number  and  degree  of  prominence  of  the  nipple-like 
projections  vary  very  much.  In  some  specimens  they  are 
very  numerous  and  striking,  and  they  are  often  arranged  in 
a  sort  of  linear  order;  in  others  they  are  much  less  conspicuous, 
and  are  irregularly  distributed.  They  are  probably  all  per- 
forated, but  the  apertures  are  often  very  obscure. 

The  distribution  of  I%urammina  papiUata  is  world-wide. 
The  '*  Challenger  "  collections  furnish  specimens  from  both 
the  North  and  South  Atlantic  and  the  North  and  South 
Pacific.  Often  localities  in  which  I  have  record  of  its  occur- 
rence, five  are  from  depths  of  more  than  2000  fathoms,  and 
only  three  of  them  less  than  1000,  the  shallowest  of  all  being 
350  fathoms,  so  that  it  may  be  regarded  as  an  essentially 
deep-water  type. 

Thxtrammina  albicans,  n.  sp. 
Characters. — Test  free,  monothalamous,  nearly  spherical, 
with  few  (4  or  6)  mammillate  orifices,  equidistant  and  regu- 
larly disposed.  Texture  very  finely  arenaceous,  colour  white. 
Diameter  -r^  inch  (0*25  millim.).  * 

A  few  specimens  of  a  very  minute  organism,  apparently 
allied  to  the  foregoing  species,  have  been  found  in  several 
of  the  ^'ChalleDger^'  dredgings.  The  test  is  much 
smaller  than  that  of  T%urammtna  papittata,  the  shell-wall 
relatively  thicker  and  composed  of  finer  materials,  and  the 
little  mammillate  protuberances,  instead  of  being  numerous 
and  distributed  irregularly  over  the  surface,  are  few  in 
number  and  placed  symmetrically.  The  figures  of  this  form 
have  unfortunately  had  to  be  omitted  for  want  of  space. 

Single  specimens  have  been  met  with  in  many  samples  of 
deep-sea  material.  Perhaps  the  best  series  is  from  1900 
fathoms,  off  the  coast  of  South  America,  in  about  the  latitude 
of  Buenos  Ayres. 

Thurammina  compressa,  n.8p.    PI.  V,  fig.  9. 
Characters. — Test  free,  monothalamous,  compressed ;  with 
numerous    perforate,    mammillate  protuberances    arranged 
irregularly  on  the  periphery.  Walls  thin,  chitino-arenaceous ; 
colour  dark-brown.    Diameter,  -jV  inch  (0*5  millim.). 

This  is  another  form,  rarely  met  with,  apparentlv  nearly 
related  to  Thurammina  papiUata,  Its  chief  distinction  rests 
on  its  membranous,  only  slightly  arenaceous,  shell-texture, 
and  its  compressed  lenticqlar  contour.  It  is  just  possible  that 
the  latter  character  may  be  in  a  measure  accidental,  and  be 


Digiti 


zed  by  Google 


NOTES  ON  BBTICULA&IAN  BHIZOFODA.  47 

due  to  the  partial  collapse  of  the  investment^  as  not  unfre- 
quently  occurs  in  certain  other  chidno-arenaceous  forms^ 
Trochammina  macrescens,  for  example.  The  maramillate 
orifices  do  not  appear  on  the  upper  and  lower  surfaces^  but 
only  on  the  peripheral  portions  of  the  test. 

The  figured  specimen  is  from  the  North  Atlantic  (''  Por- 
cupine ^^)y  109  fathoms. 

G^^t«— LITUOLA,  Lamarck. 

In  the  '  Introduction  to  the  Study  of  the  Foraminifera/ 
published  in  1862^  all  the  then-known  Foraminifera  having 
sandy  or  composite  tests  are  referred  to  three  genera — Lituola, 
Trochammina^  and  Valvulina,  the  last  named  being  regarded 
as  an  intermediate  rather  than  as  a  strictly  arenaceous  type. 
To Lituola  are  assigned  all  the  rough  arenaceous  forms,  what- 
ever their  external  contour  or  the  condition  of  the  interior 
of  their  chambers ;  and  to  TrocJkimmina  those  in  which  the 
constituent  sand-grains  are  small  and  incorporated  by  a 
large  excess  of  calcareous  or  ferruginous  cement,  a  thin, 
smooth,  non-labyrinthic  shell  being  the  result.  This  simple 
classification  answered  every  end  so  long  as  the  number  of 
forms  to  be  accommodated  and  their  known  range  of  varia- 
tion were  comparatively  limited,  and  there  can  be  no  doubt 
that  it  touched  the  essential  distinction  between  two  of  the 
principal  groups  of  this  section  of  the  Bhizopoda.  But  in  the 
present  state  of  our  knowledge  it  scarcely  meets  the  require- 
ments of  the  case.  Not  only  have  a  large  number  of  arena- 
ceous species  been  found  with  generic  characters  very  different 
from  those  of  either  of  the  types  thus  defined,  but  the  number 
of  new  forms  and  varieties,  possessing  the  same  peculiarities 
of  shell-structure  as  Litucia  and  IVoc/iammina  respectively, 
has  been  so  multiplied  that  the  subdivision  of  both  groups 
has  become  desirable,  if  not  necessary.  The  arrangement  of 
the  li'ochammina  is  considered  on  a  subsequent  page,  and 
although  I  have  but  little  that  is  new  to  bring  forward  relat- 
ing to  Litulola  (proper),  it  is  quite  within  the  plan  of  the 
present  paper  to  state  briefly  the  results  which  have  been 
arrived  at  from  the  study  of  the  very  large  series  of  forms 
furnished  by  the  '*  Challenger  "  dredgings. 

Practically  the  genus  Lituola,  as  understood  in  this  country, 
has  been  coextensive  or  thereabouts  with  Professor  von 
Reuss's  family  Lituolidea,  which  is  made  to  include  four 
genera,  characterised  as  follows : 

1.  Polyphragma^  Reuss. — Test  adherent. 

^  Polyphragma  eribrontm,  Reuss,  as  figured  in  *  Das  Elbthalgebirge  in 
S&ohsen,^  Iter  Tb.,  187S,  p.  189,  pi.  88,  figs.  8—10,  has  an  irref^. 
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2.  Haplcphraginium,  Beuss. — ^Test  free,  chamber-cayities 

•imple,  not  subdivided. 

3.  LittMla,  Lamarck. — Test  free,  chamber-cayities  sub- 

divided by  irregular  ramifying  septa ;  spiral  or  crozier- 
shaped ;  aperture  dendritic,  labyrinthic  or  compound. 

4.  Haplostiche,  Reuss. — ^Test  free,  uniserial,  stra^ht  or 

arcuate  (like  Nodosaria,  or  Dmtalina)  ;  aperture 
terminal,  simple.  Chamber-cavities  subdivided  by 
irregular  ramifying  septa. 

The  term  Lituoia  was  originally  used  by  Lamarck^  for 
the  well-known  subnautiloid  and  crozier-shaped,white,  arena- 
ceous Foraminifera  of  the  Chalk ;  and  as  d'Orbigny  adopts 
Lamarck's  name,'  making  the  labyrinthic  chambers  and 
multiple  aperture  the  primary  characters  of  the  genus,  there 
can  be  no  doubt  as  to  its  proper  application. 

In  the  difficulty  that  there  is  of  finding  characters  avail- 
able for  the  classification  of  a  series  of  forms  so  closely  con- 
nected as  those  under  consideration,  the  structure  of  the 
shelly  skeleton  must  serve  as  far  as  it  goes,  as  a  basis  of  sub- 
division. It  is,  however,  to  the  interior  of  the  test  that  we 
shall  have  to  look  for  its  most  characteristic  development.  In 
some  of  the  Lituoline  forms  the  chambers  are  simple 
rounded  cavities,  and  the  sand-grains  of  which  the  test  is 
built  are  often  so  neatly  joined  that  no  angular  points  project 
into  the  interior.  Such  specimens  have  generally  a  simple 
aperture.  In  others  the  interior  of  the  segments  is  ''labyrin- 
thic/' that  is  to  say,  subdivided  by  irregular  partial  septa, 
composed  of  rough  sand  grains  cemented  together,  and  such 
as  these  commonly  have  an  irregular  or  compound  aperture. 
There  is  another  variety  of  labyrinthic  structure^  that  may 
for  distinction  be  called  ''  cancellated,"  whica  is  composed 
of  masses  of  very  finely  arenaceous  tubular'^growths  from  the 
inner  surface  of  the  shell-wall,  sometimes  developed  to  such 
an  extent  that  they  almost  fill  the  cavities  of  the  chambers. 
But  as  specimens  with  this  peculiarity  have  at  the  same  time 
a  smooth  or  even  polished  exterior  and  very  definite  and  well- 
formed  septa,  it  is  manifestly  better  to  keep  them  distinct 

elongated,  straight  or  curved,  subcylindrical  test,  adherent  bv  its  expanded 
lower  extremity,  composed  of  a  single  series  of  thin  chambers  superim- 
posed, and  having  a  terminal  aperture  consisting  of  numerous  large  per- 
forations. It  is  an  Upper  Cretaceous  fossil  from  the  ''  Unter  Planer  '^  of 
Bohemia,  Saxony,  and  elsewhere. 

>  'Annales  du  Museum,'  1804,  vol  v,  p.  242;  figured  in  1816  in  vol. 
viii,  pi.  62,  ^g,  12,  and  elsewhere. 

«  'For.  Fobs.  Vienne,'  p.  138,  pi.  21,  figs.  20  and  21. 
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from  the  Lituolae,  and  a  separate  genus  has  been  constituted 
for  them.^ 

The  generic  term  Reophax  was  employed  by  De  Montfort, 
in  1808,*  for  an  irregular  scorpioid,  moniliform  ii^t^/a,  with 
rough  exterior  and  simple  undivided  chambers.  His  figure 
is  copied  from  one  of  Soldani's/  and  as  it  represents  a  good 
typical  example^  there  seems  no  reason  why  the  name  should 
not  be  retained  for  the  non-labyrinthic  uniserial  group. 

For  the  parasitic  or  adherent  modifications,  d^0rbigny*8 
generic  appellation,  Placopsxlina^^  is  already  to  some  extent 
employed  todesignate  the  common  non-labyrinthic  forms, and 
Mr.  Carter  has  described  under  the  name  Bdelloidina^  an 
adherent  arenaceous  organism  apparently  of  more  complex 
type,  which  occupies  a  similar  position  in  the  labyrinthic 
series.  A  third  adherent  genus,  also  labyrinthic,  namely, 
Polyphragma,  has  been  instituted  by  Von  Reuss  for  a  set  of 
thin-shelled,  erect,  columnar,  coral-like  forms  found  in  the 
Cretaceous  beds  of  Germany.  This  bears  considerable 
primd  facte  resemblance,  both  in  contour  and  mode  of  growth, 
to  the  genus  Haliphysema^  Bowerbank,  the  Rhizopod 
nature  of  which,  first  suggested  by  Mr.  Carter,  seems  now 
to  be  fairly  established.  If  we  accept  von  Reuss's  view  of 
Polyphragma  as  the  labyrinthic  columnar  type  of  the  Lituo^ 
lidea,  Haliphyaema  would  take  the  corresponding  place 
amongst  the  non-labyrinthic  forms.  But  the  question  still 
remains  whether  either  genus  belongs  strictly  to  this  parti- 
cular group. 

The  term  Haplophragmium  is  in  general  use  amongst  con- 
tinental rhizopodists  for  the  nautiloid  and  crozier-shaped, 
non-labyrinthic,  rough  arenaceous  species ;  indeed,  it  appears 
to  have  been  used  abroad  almost  indiscriminately  for  the 
Cretaceous  Lituolce,  Lastly,  there  are  the  straight  or  arcuate 
uniserial  forms  with  labyrinthic  chambers.  To  these  Prof, 
von  Reuss  has  given  the  generic  name  Haplostiche,  but  of 
them  we  know  little  beyond  what  he  has  himself  written  in 
his  description  of  its  Cretaceous  representatives. 

*  Vide  Qfclammina  cancellata,  p.  62. 

.  '  Reophax  scorpiurus,  de  Montfort,  1808,  '  Conobyliologie  Syst^roatique/ 
vol.  i,  p.  330,  83e,  genre. 

'  Soldani,  '  Testaceographia,'  vol.  i,  pt.  3,  p-  239,  pi.  162,  ^,  k. 
Nodosaria  {Denialina)  scorpiurw,  d*Orbigny,  1826,  *  Ann.  Sci.  Nat.,*  vol. 
vii,  p.  255,  No.  40. 

*  Placopsilina  cenomanay  d'Orbigny,  1850,  *  Prodrome  de  Pal^ont.,*  vol. 
ii,  p.  185,  No.  758,'  "  Esp^ce  coutourn^e  en  crosse  adh^rente  aux  corps." 

*  'Annals  and  Mag.  Nat.  Hist.,'  1877,  Ser.  4,  vol.  xix,  p.  201,  pi.  13, 
.figs.  1-8. 

VOL.   XIX. NEW   SKR.  D 
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The  adoption  of  the  subordinate  generic  terms,  quoted 
from  various  authors  in  the  foregoing  paragraphs,  as  the  basis 
of  an  arrangement  of  the  LituoUne  group,  is  not  to  be 
regarded  as  an  indication  of  any  material  alteration  of  the 
views  I  have  expressed  in  many  previous  papers,  both  alone 
and  in  conjunction  with  my  friends  Professors  W.  K.  Parker 
and  T.  Rupert  Jones.  On  the  contrary,  every  new  discovery 
seems  but  to  furnish  a  missing  link  in  a  chain  already  nearly 
continuous.  But  though  it  is  certainly  impossible  to  draw  a 
sharp  line  at  any  point  marking  a  distinct  stage  of  differen- 
tiation, there  is  none  the  less  a  necessity  for  distinguishing 
by  name  the  central  forms  of  the  principal  terms  of  the 
series,  and  these  are  what  must  stand  as  '^  species."  Under 
such  circumstances,  or  perhaps  under  any,  "  genus*'  is  little 
more  than  a  term  of  convenience. 

With  this  explanation  I  would  suggest  the  following  scheme 
for  the  arrangement  of  the  Lituoline  family.  It  is  in  part 
adopted  from  that  proposed  by  Professor  von  Beuss.  No 
new  terms  have  been  introduced,  its  object  being  to  set  in 
order  and  give  definiteness  so  far  as  our  present  knowledge 
extends  to  generic  names  already  more  or  less  in  use,  and  so 
to  avoid  the  confusion  of  fresh  terminology.  That  the  distinc- 
tions are  to  some  extent  artificial  may  be  freely  admitted,  but 
any  other  arrangement  that  suggests  itself  is  open  to  the 
same  objection. 

Oeneral  Characters. — ^Exterior  more  or  less  RotrGHLY 
arenaceous;  septation  of  the  folythalamous  forms 
rudimentary  or  imperfect. 

A.  Non-labyrinthlo. 

a.  Adherent  by  its  flat  surfaoa .        .        .  Plaeopsilina,  d'Orb. 

b.  Adherent,  columnar,  attached  at  one  end  Ealipkysema,  Bow.  (P). 

c.  Eree,  uniserial,  moniliform,  never  spiral  JReqpAas,  Montfort. 

d.  Free,  partially  or  entirely  spiral,  nauti- 

loid  or  crozier-shaped      .        .        .    Haplophragmtm,  Aeuss. 

B.  Chamber-cavitleB  subdivided  or  labyrintbio. 

a.  Adherent  by  its  flat  surface .        •        .    Bdelloidina,  Garter. 

b.  Adherent,  subcylindrical,  columnar,  at- 

tached at  one  end    ....    Polypkraffma,'Rjd\a6(?). 
o.  Free,    uniserial,    straight  or  arcuate, 

never  spiral     .        .        .        .        .    Eaplatticie,  Reuaa. 
d.  Free,  partially  or  entirely  spiral,'  nauti- 

loid  or  crozier-ihaped      .        .        .    Liiuola,  Lamarck. 

Genus— PLkCOTSILmA,  d*Orligny. 
Oeneral  characters, — Test  adherent ;  composed  of  a  single 
convex^  tent-like  chamber^  or  of  many  such  segments  vari- 
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ously  combined.  Polythalamous  forms  spiral,  crozier-shaped^ 
acervuline  or  linear  in  contour.  Texture  more  or  less  roughly 
arenaceous. 

.Placopsilina  vesicularts,  n.  sp.  PI.  V,  fig.  2. 

Characters. — Test,  irregular  in  shape  and  size^  spreading 
in  indefinite  patches  over  stones  ;  usually  composed  of  severu 
convex  chambers,  either  connected  by  short  stoloniferous 
passages  or  crowded  one  against  the  other ;  margins  rounded 
or  lobulate,  with  simple  or  forked  tubular  extensions  which 
form  the  pseudopodial  apertures. 

The  drawing  (PL  V,  fig.  8),  scarcely  needs  verbal 
comment  beyond  the  descriptive  characters  above  detailed. 
Placopsiltna  vesicularis,  is  by  no  means  a  common  species. 
In  one  of  the  ^^  Porcupine''  dredgings  from  the  North  Atlantic 
(1215  fathoms),  sent  to  me  by  Sir  Wyville  Thomson,  a 
number  of  the  little  stones  brought  up  had  adherent 
specimens  in  various  stages  of  development,  and  from  one  of 
these  the  figure  is  taken. 

G^«*— REOPHAX,  de  MontforL 

General  characters. — Test  free,  uniserial ;  consisting  of  a 
single  flask-shaped  chamber,  or  of  a  number  of  segments 
joined  end  to  end  in  a  straight,  curved,  or  irregular  line. 
Texture  arenaceous,  more  or  less  rough  externally ;  chamber 
cavities  simple,  non-labyrinthic.    Aperture  terminal,  simple, 

ReOPHAX  DIFFLUGIFORMIS,  «.  Sp.      PI.  IV,  fig.  8,  a,  J. 

Characters. — Test  free,  consisting  of  a  single,  undivided, 
rounded,  or  oval  chamber,  with  produced  neck.  Wall  thin, 
arenaceous ;  the  constituent  particles  of  sand  neatly  joined, 
and  presenting  a  nearly  smooth  exterior.  Length  3^  inch 
(0-6  millim.). 

Had  this  little  organism  been  found  in  fresh  or  brackish 
water,  or  even  in  shore-pools,  it  would,  without  doubt,  have 
been  assigned  to  the  Diffltcgm  ;  and  it  is  perhaps  an  assump- 
tion  rather  than  an  ascertained  fact  that  Rhizopoda  with 
lobulate  pseudopodia  have  no  home  in  the  deep  sea.  Neverthe- 
less, as  the  test  bears  the  same  sort  of  relation  to  the  monili- 
form  Liiuoke  as  that  of  Lagena  does  to  the  Nodosaria, 
there  is  a  natural  place  for  it  in  the  Reticularian  series. 

There  is  nothing,  either  in  the  specimens  themselves  or  in 
the  forms  with  which  they  are  associated,  to  suggest  that  they 
are  other  than  mature  representatives  of  a  species ;  but  the 
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minute  structure  of  the  test  is  identical  with  that  of  some 
varieties  otReophax ;  aud  in  the  absence  of  any  distinguishing 
character,  save  the  completion  of  growth  in  a  single  chamber 
instead  of  running  on  to  form  several  segments,  I  am  not  dis- 
posed to  create  a  fresh  genus  for  its  reception.  It  may  be 
objected  that  the  Lagents  have  been  separated  genericall^rfrom 
the  Nodosaria  on  the  ground  of  the  monothalamous  and  poly- 
thalamous  conditions  of  their  respective  tests.  Without 
stopping  to  debate  the  propriety  of  this  division  from  a 
strictly  zoological  point  of  view,  two  pleas  may  be  urged  in 
favour  of  it ;  firstly,  that  amongst  the  Lagerue  there  are  many 
varieties  of  surface  ornamentation  quite  unknown  in  the 
Nodosarian  series,  which  is  strong  evidence  against  the 
former  being  merely  an  arrested  condition  of  the  latter;  and, 
secondly,  the  convenience  of  generic  subdivision  where  there 
are  so  large  a  number  of  forms  to  be  named  and  arranged. 
Neither  of  these  reasons  are  applicable  to  the  present  case. 

Amongst  the  hyaline  Foraminifera  only  two  globular 
or  subglobular  monothalamous  types  are  recognised — 
Lagena  and  OrbuUna  ;  but  amongst  the  ^renac^a  the  simple 
spheroidal  forms  pertain  to  at  least  four  or  five  genera,  the 
most  important  of  which  are  Psammosphcera,  Saccammina, 
Hormostna,  and  Reophax,  With  the  doubtful  exception  of 
Psammosphara,  all  of  these  have  polythalamous  as  well  as 
monothalamous  species. 

The  minute  size  of  Reophax  difflugiformis^  its  flask-like 
contour,  and  peculiar  shell  texture,  are  sufficient  for  its 
identification. 

It  appears  to  be  essentially  a  deep-sea  species,  but  of  wide 
geographical  distribution.  I  have  note  of  its  occurrence  at 
five  of  the  *' Challenger"  stations,  of  which  one  is  in  the 
North  Atlantic,  two  are  in  the  South  Atlantic,  and  two  in 
the  South  Pacific.  In  one  of  these  the  depth  is  1900 
fathoms,  the  other  four  vary  from  2200  to  2740  fathoms. 

Reophax  nodulosa,  n,  sp,     PI.  IV,  figs.  7,  8. 

Characters. — Test  long,  slender,  tapering,  straight  or 
arcuate;  consisting  of  several  (usually  less  than  twelve) 
segments,  joined  regularly  end  to  end,  and  more  or  less  em- 
bracing. Segments  oblong,  rounded,  somewhat  inflated, 
increasing  in  size  from  the  first  to  the  latest  formed.  Exte- 
rior more  or  less  rough ;  interior  neatly  finished.  Size 
very  variable — sometimes  as  much  as  an  inch  (25  millim.) 
in  length. 
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Foraininifera  of  a  great  variety  of  size  and  contour  are 
embraced  under  this  one  specific  name.  Between  straight 
and  arcuate  specimens  no  line  can  be  drawn  ;  again^  some 
individuals  are  stout  and  few-chambered,  each  fresh  segment 
being  considerabbjr  larger  than  the  previous  one^  whilst 
others  have  many  chambers^  are  thin,  and  taper  very  gra* 
dually;  some  specimens  are  rough  and  sandy  externally^ 
whilst  others  are  nearly  smooth,  the  sand-grains  being 
almost  completely  incorporated  by  the  cement.  In  size  the 
variation  is  correspondingly  wide ;  minute  specimens  measure 
but  half  a  millimetre,  whilst  large  ones  sometimes  attain  fifty 
times  that  length.  The  area  of  distribution  is  very  wide; 
the  finest  specimens  have  been  found  at  stations  in  the  South 
Atlantic  and  in  the  North  and  South  Pacific  Oceans,  at 
depths  of  from  1400  to  2000  fathoms. 

Reophax  membranacea,  «.  sp.     PI.  IV,  fig.  9. 

Characters. — Test  long,  slender,  tapering,  arcuate,  or 
nearly  straight;  consisting  of  several  (five  to  ten)  subcylin- 
drical  or  elliptical  segments  joined  end  to  end.  Walls  thin, 
chitinous,  beset  with  minute,  adherent  sand-grains;  often 
transversely  wrinkled.     Length  -^  in  inch  {1'4  millim.). 

It  has  long  been  known  that,  within  certain  limits,  the 
composition  of  the  investment  of  the  testaceous  Rhizopoda 
depends  upon  what  may  be  termed  accidental  circumstances — 
conditions,  namely,  such  as  the  degree  of  salinity  of  the 
Mrater,  its  depth,  the  nature  of  the  bottom,  and  similar  ex- 
traneous influences.  Illustrations  of  this  fact  have  already 
been  adduced  from  the  genera  Miliola  and  Trochammma, 
The  former  of  these  has  normally  a  compact  calcareous  shell  of 
porcellanous  texture,  the  latter  a  smooth  calcareo-arenaceous 
test;  but  both  of  them  by  degrees  lose  their  calcareous 
nature  in  water  holding  a  deficiency  of  inorganic  salts  in 
solution,  as  in  brackish  pools  and  river  estuaries,  and  become 
chitinous  or  chitino-arenaceous. 

In  one  or  two  deep  soundings  from  a  very  muddy  bottom 
minute  moniliform  Lituolce  have  been  found  with  a  delicate 
investment  of  light  brown  tint  and  nearly  transparent.  The 
test  is  very  thin,  and  is  only  partially  soluble  in  weak  acids  ; 
it  appears  to  consist  of  calcareous  and  chitinous  matter,  with 
sometimes  a  few  very  minute  adherent  or  embedded  siliceous 
sand-grains.  The  mineral  constituents  exist  in  sufiicient 
quantity  to  effervesce  sliglitly  with  an  acid,  and  to  render 
the  test  brittle  rather  than  flexible  after  it  is  dried;  but  the 
surface  is  wrinkled  transversely,  in  a  manner  strongly  sug- 
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gestive  of  a  membrane  covering  a  soft  or  plastic  mass.  Unfor- 
tunately the  species  is  very  rare,  and  the  specimens  exceed* 
ingly  small^  so  that  material  does  not  exist  for  any  close 
investigation  as  to  the  chemical  nature  of  the  test,  nor  is 
sufficient  known  of  the  condition  of  the^sea  bottom,  in  these 
cases,  to  account  for  the  deviations  from  the  normal  type  of 
structure. 

The  best  examples  hitherto  procured  of  It,  membranacea 
are  from  1900  fathoms,  off  the  coast  of  South  America,  in 
about  the  same  latitude  as  Buenos  Ayres. 

Reofhax  spicuLirBBA,  n.  sp.    PL  IV,  figs.  10,  11. 

Characterz. — ^Test  elongate,  straight  or  arcuate ;  consisting 
of  a  few  (three  to  six)  cylindrical  segments.  Shell-wall 
composed  of  siliceous  spicula  arranged  side  by  side,  and 
firmly  cemented  together.  Spicula  often  protruding  more 
or  less  from  the  base  of  the  segments.  Length  Vf  ^^^^ 
(10  milUm.). 

This  is  one  of  the  many  species  of  Foraminifera  that  give 
evidence  of  considerable  selective  power  in  respect  to  the 
material  employed  for  the  construction  of  their  tests.  That 
it  is  selective  power,  and  does  not  depend  upon  the  absence 
of  the  angular  sand-grains,  which  are  the  ordinary  con- 
stituent of  the  composite  shells  of  the  Lituoke,  is  rendered 
pretty  certain  by  the  fact  that  other  species  occur  in  the 
same  soundings  in  their  normal  sandy  condition.  Again, 
the  orderly  arrangement  of  the  spicula  side  by  side  and 
the  neat  and  compact  masonry  of  the  walls  cannot  be  acci- 
dental, contrasting  strongly  as  it  does  with  the  indiscrimi* 
nate  use  of  sponge-spicula  amongst  sand-grains  and  various 
other  extraneous  bodies,  seen  in  the  tests  of  the  rough 
Lituoline  forms. 

Reophax  spiculifera  is,  comparatively  speaking,  a  minute 
species,  being  seldom  more  than  -^  inch  (1  millim.)  in 
length.  It  occurs  at  several  of  the  ^^  Challenger"  stations 
in  the  South  Pacific,  at  depths  varying  from  250  to  S300 
fathoms,  generally  on  muddy  bottoms. 

G^tw— TROCHAMMINA,  Parker  and  Jones. 

The  genus    Trochammina    was  established   by    Messrs. 

Parker  and  Jones,'  for  a  group  of  arenaceous  Foraminifera 

characterised  primarily  by  their  thin,  smooth,  finely-cemented 

tests.    Although  the  name  was  originally  applied  to  a  Rotali- 

>  '  Aunals  asd  Mag.  Nat.  Hist.,'  1859,  aer.  3,  yoL  vr,  p.  347. 
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fonn  shell^^  the  authors  prefer  to  regard  the  trochoid^  often 
adherent  variety  (TV*,  squamata,  J.  and  P.)^  as  the  type  of 
the  genus.  The  tenuity  and  fine  texture  of  the  arenaceouo 
investment  rather  than  the  mere  general  contour  has  very 
properly  heen  accepted  as  the  essential  distinction^  and  fresh 
forms  possessing  this  character  have  one  by  one  been  added 
to  the  genus  until  it  has  come  to  include  a  series  having  a 
very  wide  range  of  morphological  variation.  Not  only  have 
we  trochoid  and  Rotaliform,  but  uautiloid^  Milioline^  Spiril- 
line  and>as  we  shall  presently  see^Lageniform  and  Nodosarian 
modifications  of  the  type.  In  addition  to  these  there  are 
certain  simple  adherent  organisms,  described  by  d'Orbigny 
under  the  name  Webbina,'^  whose  natural  affinity  is  with  the 
same  group ;  in  point  of  fact  the  term  IVochammina,  with 
these  repeated  additions^  has  come  to  comprehend  an  assem- 
blage of  forms  having  the  dimensions  of  a  Family  rather  than 
a  genus.  The  series  is  now  altogether  too  bulky  and  diverse 
to  be  zoologically  convenient^  and  it  is  necessary  to  consider 
whether  it  may  not  be  subdivided  with  advantage.  Prof, 
von  Beuss  ma&es  a  distinct  genus  of  the  Spirilline  non- 
septate  forms,  to  which  he  gives  the  name  Ammodtscus,  and 
this  term  has  been  generally  adopted  by  German  authors. 
If  wje  accept  Webbina  to  distinguish  the  simpler  adherent 
varieties  and  Ammodiscus  for  the  free,  non-septate  forms,  and 
limit  the  application  of  Trochammina  to  the  well  differen- 
tiated septate  modifications  of  the  type,  to  which  it  was  first 
applied,  there  only  remain  the  NodosariaAike  species  to  be 
provided  for,  and  for  these  the  term  Hormosina^  would  be  a 
suitable,  generic  or  subgeneric  appellation.  I  venture,  there- 
fore, to  propose  the  following  arrangement  of  the  group. 

It  must  be  borne  in  mind,  however,  that  the  allusions  which 
have  been  made  to  the  minute  structure  of  the  test  apply 
only  to  specimens  existing  under  normal  conditions,  i.e.  in 
sea  water  of  ordinary  salinity.  I  have  elsewhere  shown^ 
that  if  the  proportion  of  mineral  constituents  is  from  any 
cause  reduced,  as  in  river  estuaries  and  brackish  pools,  the 
arenaceous  investment  of  the  Trochammina  becomes  less 
calcareous,  and  specimens  may  sometimes  be  found  under 
such  circumstances,  which  are  scarcely  altered  by  treatment 
with  acids.     Such  individuals  are  still  sandy  and  preserve  to 

1  Nauiilui  inflaiut,  Montagu,  1808,  '  Test.  Brit.  Suppl.'  p.  81,  pL  18, 
%.  3.— 5o/tf/ffw  inflata,  WiUiamson,  1868,  'Rec.  For.  Gt.  Br.,'  p.  50, 
pi.  4,  fig.  93,  94. 

^  '  Fonun.  Canaries,'  p.  125. 

'  From  Sp/ioc,  a  neckkce. 

«  'Ann.  and  Mag.  Nat.  Hist.,'  aer.  4,  vol.  vi,  p.  38,  51,  &c.,  pi.  11 
fig.  6,  a — c. 
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a  great  degree  their  ordinary  form  and  appearance,  but  the 
finely  cemented  test  is  replaced  by  a  membranous  or  chiti- 
nous  envelope,  to  which  the  sand-grains  are  adherent,  or  in 
which  they  are  partially  embedded. 

TROCHAMMINA. 

General  characters. — Test  thin ;  composed  of  minute  sand- 
grains  incorporated  by  calcareous  or  other  inorganic  cement 
of  fine  texture,  or  embedded  in  a  chitinous  membrane  ;  exte- 
rior smooth,  often  polished ;  interior  smooth  or  rarely  reticu- 
lated, never  labyrinthic. 

Ammodisgus,  Reu88. — Test  free,  formed  of  a  tube  of  nearly 
even  diameter  coiled  upon  itself  in  various  ways  ;  sometimes 
slightly  constricted  at  intervals,  never  really  septate. 

Examples :  Ammodtscus  incerta  (d'Orb.) ;  A.  gordialisy 
J.  and  P.;  A.  charotdes,  P.  and  3,;  A.  milioloides,  P.,  J., 
and  K.;  A.  pusilla  (Geinitz) ;  A,  jilum  (Schmid) ;  &c. 

Trochammina,  p.  and  J.  (proper). — Test  rotaliform, 
nautiloid  or  trochoid,  free  or  rarely  adherent,  more  or  less 
distinctly  septate. 

Examples  :  Trochammina  inflata  (Mont.)  ;  Tr.  coronata, 
nov. ;  Tr,  squamata,  J.  and  P. ;  Tr.  macrescens,  Brady ; 
Tr.  trullissata,  nov. ;  Tr.  ringens,  nov. ;  Tr.  pattciloculata, 
nov. ;  &c. 

HoRMosiNA,  not). — Test  consisting  typically  of  several 
segments  in  a  single  straight  or  arcuate  series.  When  the 
primordial  segment  is  large,  growth  is  arrested  and  a  lageni- 
form  test  is  the  result. 

Examples :  Hormosina  globulifera,  nov. ;  H.  ovata, 
nov. ;  &c. 

Webbina,  d'Orbigny. — Test  partially  or  entirely  adherent ; 
consisting  of  a  single  hemispherical,  oval,  or  subspherical 
chamber,  with  or  without  an  adherent  semi-cylindrical 
neck ;  or  of  a  series  of  tent-like  chambers  united  by  adherent 
stoloniferous  tubes. 

Examples :  Wehhina  irregularis^  d'Orb. ;  W.  hemis^ 
pherica,  P.,  J.,  and  B. ;  TV.  alternans,  P.  and  J. ;  W.  da- 
vata,  P.  and  J.;  &c. 

Trochammina  trullissata,  ».  sp.  PI.  V,  figs.  10,  a  i,  11/ 

Characters. — Test      nautiloid,     compressed,     lenticular, 

somewhat     excavated    at    the    umbilicus;     composed     of 

about  three  convolutions,  of  which  but  little  more  than  the 

latest  is    visible;     peripheral    margin    acute  or  somewhat 
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rounded.  Segments  about  nine  in  each  convolution.  Septa 
marked  by  more  or  less  sinuate  lines,  only  slightly  de- 
pressed. Exterior  smooth^  usually  polished ;  interior  surface 
often  reticulate;  colour  brown.  Aperture  crescentic, 
situate  on  the  face  of  the  terminal  chamber^  close  to  the 
margin  of  the  previous  convolution.  Diameter  -^V  inch 
(1-25  mm). 

The  first  examples  of  this  beautiful  little  shell  that  came 
tinder  my  notice  were  in  the  Rev.  A.  M.  Norman's  mountings 
from  the  "  Valorous  '*  dredgings  in  Davis'  Straits,  but  the 
"  Challenger "  material  has  yielded  a  supply  of  specimens 
from  a  number  of  localities.  TVochammina  trtUltssata  is  easily 
distinguished  from  any  other  species  by  its  perfectly  regular^ 
nautiloid,  or  Nonionine  contour,  the  number  of  chambers  in 
each  whorl,  their  sigmoid  sutural  lines,  and  its  polished 
brown  exterior.  It  is  not  unlike  the  very  large  nautiloid 
type,  Cyclammina,  in  its  general  conformation,  but 
differs  widely  from  it  in  point  of  size  and  internal  struc- 
ture. The  inner  surface  of  the  test  of  Tr.  truUtssata  some- 
times exhibits  a  slightly  raised  reticulation,  but  this  in  no 
ease,  so  far  as  my  observation  goes,  is  more  than  a  mere 
superficial  marking,  and  never  comes  to  anything  re- 
sembling the  cancellated  shelly  growths  that  often  nearly 
fill  the  chambers  of  Cyclammina, 

The  distribution  of  the  species  is  wide,  but  it  is  by  no 
means  abundant  in  any  locality.  The  best  '^  Challenger  ** 
specimens  are  from  two  stations  in  the  North  Atlantic  and 
two  in  the  South  Atlantic^  the  depth  of  water  varying  from 
S90  to  2200  fathoms. 

Tbochammina  ringens,  n.  sp.^    PI.  V,  fig.  12,  a,  b. 

Characters. — Test  nautiloid,  oblong,  compressed,  biconvex; 
composed  of  few  convolutions,  of  which  the  last  entirely  en- 
closes the  previous  ones.  Peripheral  margin  acute-angular, 
or  slightly  rounded,  lobulate ;  septal  lines  curved,  somewhat 
excavated.  Segments  large,  about  five  in  each  convolution, 
embracing.  Colour  brown,  surface  usually  polished.  Aper- 
ture an  arcuate  slit,  overhung  by  a  slight  swelling  or  pro- 
minence on  the  face  of  the  terminal  chamber,  and  near  the 
margin  of  the  previous  convolution.  Longer  diameter  ^  inch 
(1-25  mm.). 

"  This  form  was  recorded  by  Mr.  Norman,  in  the  "  Valorous"  Report 
(*Proc.  Royal  Soc./  XXV,  1876,  p.  213),  as  "very  near  to,  if  not  identical 
with,  Qlobigerina  arenaria^  Karrer,"  but  he  has  subsequently  received  types 
of  that  species  from  Dr.  Karrer,  and  is  now  satibficd  of  their  entire  dis- 
tinctness. 


Digiti 


zed  by  Google 


58  HENRY  B.  BRADT. 

Trochammina  ringens  is  nearly  allied  to  the  species  last 
described ;  the  points  of  distinction,  are  nevertheless  suffi- 
ciently apparent.  Compared  with  TV.  trullissata,  it  has  only 
about  half  the  number  of  segments  in  each  convolution^  and 
the  final  whorl  completely  encloses  the  previous  ones,  instead 
of  leaving  the  penultimate  coil  partly  exposed  at  the  centre. 
The  general  contour  of  the  test  is  biconvex  rather  than 
depressed  in  the  umbilical  region,  and  the  terminal  segment 
is  conspicuously  large.  In  colour,  texture,  and  minute  struc- 
ture, the  two  forms  are  alike,  but  Tr,  ringens  has  none  of 
the  reticulation  of  the  inner  surface  of  the  shell  that  has 
been  ascribed  to  TV.  truUissata. 

It  appears  to  be  a  very  rare  upecies.  I  have  only  notes 
of  its  occurrence  in  three  of  the  "  Challenger  "  dredgings,  one 
of  them  from  the  North  Atlantic,  off  Siera  Leone  (1750 
fathoms),  one  from  the  South  Atlantic,  off  Buenos  Ayres 
(1900  fathoms),  and  the  other  from  the  North  Pacific  (1850 
fathoms). 

Since  the  above  description  was  written  I  find  that  the 
Rev.  A.  M.  Norman  has  this  form  also  in  his  collection  from 
the  '^  Valorous''  dredgings  at  the  entrance  of  Davis'  Strait, 
in  1750  fathoms. 

Trochammina  pauciloculata,  n.  sp.    PL  V,  figs.  18, 14. 

Characters. — ^Test  ovoid,  slightly  compressed,  obscurely 
spiral ;  composed  of  about  two  convolutions,  the  latter  of 
which  almost  entirely  conceals  the  earlier  one.  Segments 
few,  usually  three  in  each  convolution,  inflated;  sutures 
slightly  constricted.  Test  thin,  finely  arenaceous,  brown  ; 
exterior  smooth,  often  polished  ;  interior  smooth.  Aperture 
a  curved  slit  on  the  superior  surface,  at  the  inner  margin  of 
the  last  segment     Length,  -^  inch  (0'45  millim.). 

Though  a  very  minute  Species  Troehammina  pauciloculata 
is  striking  and  distinct.  It  is  isomorphous  with  the  genus 
Allomorphina  of  Reuss,  the  recent  specimens  of  which  are 
of  even  smaller  dimensions,  but  it  has  the  shell  texture 
characteristic  of  its  own  genus,  whilst  Reuss's  type  is  hyaline 
and  perforate.  In  its  general  plan  of  growth  it  closely 
resembles  the  Rotalians,  notwithstanding  its  small  number 
of  segments,  and  their  unsymmetrical  disposition. 

Trochammina  coronata,  «.  sp.  PI.  V,  fig.  15. 

Characters. — Test  nautiloid,  biconcave,  composed  of  few 
convolutions ;  peripheral  margin  lobulate  and  rounded.  Seg- 
ments  distinct,  variable  in    number,  inflated.      Aperture 
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simple,  situate  on  the  face  of  the  terminal  segment  near  its 
junction  with  the  previous  convolution.  Colour  buff  to 
reddish  brown ;  surface  smooth,  not  polished.  Diameter  -^ 
inch  (2*5  mm.). 

This  handsome  species  differs  from  its  congeners  in  size  as 
well  as  in  general  contour.  The  larger  specimens  are  fully 
one  tenth  of  an  inch  in  diameter,  and  are  coronate  or  bicon- 
cave in  form.'  The  chambers  are  few  in  number,  tent-like, 
and  more  or  less  embracing,  though  the  successive  convolu- 
tions do  not  entirely  conceal  those  immediately  preceding 
them.  The  width  of  the  spiral  band  increases  with  each 
turn,  and  the  chambers  of  the  final  whorl  are  very  much 
larger  than  those  of  the  earlier  ones.  The  texture  of  the 
test  is  uniformlv  very  finely  arenaceous  and  opaque,  but 
within  certain  limits,  i.e.  from  a  creamy  white  to  a  dark 
brown,  the  colour  varies  a  good  deal.  Amongst  previously 
described  Foraminifera  it  is  not  easy  to  find  any  with  cha- 
racters approaching  those  of  Trochammina  coronata ;  per- 
haps the  nearest  is  TV.  infiata^  but  in  that  species  the  test  is 
Kotaliform,  in  other  words,  all  the  se^^ents  are  more  jor  less 
exposed  in  a  spiral  line  on  the  superior  face,  whilst  those  of 
the  last  convolution  only  are  visible  on  the  inferior  side, 
which  is  very  different  from  the  symmetrical,  nautiloid  habit 
of  the  new  species. 

Fine  specimens  of  TV.  coronata  have  been  met  with  at  the 
western  side  of  both  the  North  and  South  Atlantic,  namely, 
at  two  stations  near  the  West  Indies  (890  fathoms  and  450 
fathoms),  and  at  two  stations  off  the  coast  of  South  of  America 
<675  fathoms  and  1900  fathoms). 

TrOCHAMMINA  LITUIFORMIS,  ft.  Sp.    PI.  V,  fig.  16. 

Characters, — ^Test  free,  crozier-shaped ;  consisting  of  an 
irregularly  septate  or  pseudo-septate  tube,  spiral  at  its  com- 
mencement, afterwards  linear.  Segments  irregular  in  size, 
subcylindrical  or  ventricose;  sutural  lines  excavated. 
Aperture  simple,  terminal.  Surface  smooth ;  colour  light 
brown.      Length  j-  inch  (3*7  millim.). 

There  are  already  known  at  least  two  crozier-shaped 
varieties  of  Trochammina,  the  Carboniferous  TV.  centrifuffa, 
and  the  Permian  Tr.^um,hvit  these  are  alike  characterised 
by  the  absence  of  septa  both  in  the  spiral  and  linear  portions 
of  the  tests,  and  pertain  rather  to  the  Ammoducus  series  than 
to  Trochammina  proper.  They  are  also,  both  of  them,  com- 
paratively minute  in  size.  The  specimens  now  described  are 
of  fine  dimensions,  though  somewhat  irregular  in  genera 
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contour  and  in  septation.     In  colour  and  shell-texture  tbey 
are  precisely  similar  to  TVochammina  coronaia, 

Trochammina  lituiformia  has  been  met  with  in  the  North 
Atlantic  (West  Indies,  390  fathoms,  and  off  the  Azores,  900 
fathoms),  and  at  two  stations  in  the  South  Atlantic,  on  the 
coast  of  South  America  in  about  the  latitude  of  Pernambuco 
(350  and  675  fathoms). 


HORMOSINA  GLOBOLIFERA,  «.  8p.     PI.  IV,  figs'.  4,  5. 

Characters. — Test  composed  of  a  single  spherical  chamber 
with  a  tubular  neck,  or  of  several  (2  to  6)  such  chambers, 
each  larger  than  its  predecessor  and  more  or  less  embracing 
it.  Segments  arranged  in  a  straight  or  curved  linear  series, 
terminating  in  a  thin  tubular  neck.  Texture  very  finely 
arenaceous,  surface  smooth.  Length  of  polythalamous 
specimens  often  -J-  inch  (3  millim.). 

The  figures,  4  and  5  of  PI.  IV,  afford  a  very  insufficient 
representation  of  this  species,  inasmuch  as  specimens  are  not 
unfrequently  found  possessing  four,  five,  or  even  more 
chambers,  and  of  correspondingly  increased  dimensions.  In 
default  of  room  for  sufficient  figures,  the  object  has  been  to 
illustrate  a  tendency  not  uncommon  amongst  Foraminifera, 
which  shows  itself  strikingly  in  this  particular  species, 
namely,  the  cessation  of  growth  after  the  formation  of  a 
chamber  of  relatively  large  size.  As  a  rule  the  specimens  of 
Hormosina  globulifera  which  have  the  largest  number  of 
segments  are  those  with  the  smallest  initial  chambers,  and, 
on  the  other  hand,  if  a  very  large  primordial  chamber  is  found 
the  test  usually  remains  monothalamous  and  no  further 
growth  takes  place.  A  comparison  of  the  size  of  the  Lageni- 
form  test  (fig.  4)  with  that  of  the  earlier  segment  of  fig.  5, 
will  illustrate  this  fact.  The  rule  holds  good  not  only 
of  the  first  chamber,  but  in  varying  degree  to  the 
life-history  of  Foraminifera  generally.  It  is  very  com- 
monly seen  in  polythalamous  species  that,  with  the  forma- 
tion of  a  chamber  of  abnormal  size,  the  growth,  that  is,  the 
continued  segmentation  of  sarcode,  is  abruptly  stopped. 
Instances  of  this  occur  in  every  section  of  the  Order.  What- 
ever, therefore,  may  be  the  significance  of  monothalamous  as 
distinct  from  polythalamous  tests  amongst  the  Rhizopoda  of 
other  groups,  the  character  in  this  case  is  not  of  specific,  still 
less  of  generic  importance. 

There  is  no  difficulty  in  distinguishing  these  Hormosina 
from   their    Lituoline   isomorphs   by   their   regularity   and 
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Bymmetry  of    form,  their  thin   walls,  and  smooth,  almost 
homogeneous,  tests. 

H,  glohulifera  is  essentially  a  deep-water  Foraminifer.  Out 
of  eight  localities  in  which  I  have  notes  of  its  occurrence, 
six  are  at  depths  of  more  than  1000  fathoms,  and  three  of 
these  at  more  than  2000  fathoms.  Its  distribution  appears 
to  be  world  wide,  the  **  Challenger"  collections  furnishing 
specimens  from  both  the  North  and  South  Atlantic  and  the 
North  and  South  Pacific  Oceans. 

HORMOSINA  OVICULA,  n.  sp.     PL  IV,  fig.  6. 

Characters, — Test  long  and  very  slender,  tapering ;  com- 
posed of  several  fusiform  segments  joined  end  to  end,  without 
overlapping,  in  straight  or  slightly  curved  linear  series. 
Walls  thin,  texture  very  finely  arenaceous.  Colour  yellowish 
brown,  with  a  band  of  somewhat  darker  hue  encircling  the 
narrowest  part  of  the  stoloniferous  tubes.  Length,  \  inch 
(5  millim.). 

A  very  delicate  fragile  little  organism  and  one  seldom  found 
entire.  Hormosina  ovicula  stands  in  much  the  same  relation 
to  H,  globvlifera  that  Nodosaria  pyrula  does  to  N.  radictcla  ; 
that  is  to  say^  its  segments  are  produced  at  the  two  ends  and 
are  joined  by  their  narrow  extremities,  instead  of  the  suc- 
cessive lobes  being  sessile  and  more  or  less  embracing. 
The  deepening  of  the  brown  colour  in  portions  of  the  test, 
which  has  been  noticed  in  connection  with  other  species, 
shews  itself  in  the  present  instance  in  the  little  ring  sur- 
rounding the  stoloniferous  tubes  at  their  narrowest  point. 
Each  of  these  points  having  been  of  course,  in  its  turn,  the 
pseudopodial  aperture  of  the  shell. 

Hormosina  ovicula  is,  to  even  a  greater  degree  than  its 
congener,  H.  ghbulifera^  a  deep-water  species.  Specimens 
have  been  met  with  in  six  of  the  "  Challenger''  dredgings, 
which  represent  depths  ranging  from  1900  to  S600  fathoms, 
and  I  have  no  note  of  its  occurrence  in  shallower  water.  Of 
these,  two  were  dredgings  from  the  South  Atlantic,  two  from 
points  lying  to  the  South  of  Australia,  and  two  from  the 
North  Pacific. 
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Genus— CYChAMMHHA,  nov. 

{k6k\o^,  a  circle ;  afxfxo^,  sand.) 

Cyclammina  cancellata,  n.  sp. 

Naatiloid  LUuola^  Carpenter,  1875.  '  The  Microscope  and  its  Revelations,' 

fifth  ed.,  p.  536,  fig.  274,  at,  b,  e. 
Qyelammina  caneelUUa  (Brady,  M.S.),  Norman,  1876.  'Proc.  Roy.  Soc 

Lond.,'  vol.  xxT,  p.  214. 
lAtuola  eanarientity  Carter,  1877.    '  Ann.  and  Mag.  Nat.  Hist.,'  ser.  4,  vol. 
xix,  p.  203,  pi.  13,  figs.  26—29. 

Characters. — ^Test  free,  nautiloid,  biconvex,  depressed  at 
the  umbilicus ;  margin  entire  or  slightly  lobulate,  angultur 
or  somewhat  rounded;  composed  of  from  two  to  three  con- 
TolutionSy  each  of  which  encloses  completely,  or  almost  com- 
pletely, the  previous  ones.  Segments  numerous,  ten  to 
sixteen  in  the  last  convolution ;  narrow,  bounded  by  sinuate, 
slightly  excavated  lines  radiating  from  the  umbilicus.  In- 
terior of  the  chambers  almost  (sometimes  entirely)  filled  with 
finely  arenaceous  tubular  growths.  Surface  smooth  and 
imperforate,  except  where  abraded,*  colour,  various  shades 
of  brown.  Aperture  normally  a  crescentic  slit  in  the  ter- 
minal segment,  close  to  its  union  with  the  previous  convolu- 
tion ;  but,  in  addition,  there  are  often  a  number  of  large 
pores  irregularly  distributed  on  the  face  of  the  terminal 
chamber.  Size  variable ;  many  specimens  reach  ^  inch  (4 
millim.)  in  diameter. 

The  main  structural  features  of  this  interesting  type  have 
been  already  treated  by  Dr.  Carpenter  (loc.  cit.) ;  but  as  the 
manuscript  name  appended  to  my  specimens  several  years 
ago  has  been  employed  by  at  least  one  author  to  distinguish 
the  species,  it  seems  right  that  I  should  summarise  its 
zoological  characters.  This  is  the  more  necessary  because 
the  organism  has  no  place  in  the  scheme  which  I  have  sug- 
gested for  the  Lituoline  genera.  I  cannot  quite  agree  with 
Dr.  Carpenter  in  regarding  it  as  a  Lituola ;  still  less  with 
Mr.  Carter  in  assigning  it  to  Lituola  canariensis,  which 
is  a  very  distinct,  minute,  thin-shelled,  NonianinaAike 
species.  As  I  believe  it  is  one  of  the  forms  concerning  which 
we  have  more  to  expect  from  Dr.  Carpenter's  pen,  it  would 
be  unbecoming  in  me  to  enter  into  minute  details  respecting 
its  structure. 

Cyclammina  canceliata  is  very  widely  distributed.     In 
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addition  to  the  examples  from  North  Atlantic  localities, 
obtained  by  the  scientific  sta£b  of  the  ^'  Porcupine"  and  the 
*^  Valorous/'  fine  specimens  have  been  found  in  many  of  the 
^'  Challenger''  dredgings,  namely^  from  off  the  Canaries  and 
from  the  West  Indies;  from  two  or  three  stations  in  the 
South  Atlantic ;  from  the  South  Pacific  (off  New  Zealand) ; 
and  from  the  Eastern  Achipelago.  The  depths  of  these 
soundings  range  from  350  fathoms  to  1900  fathoms,  but  the 
largest  specimens  occur  on  bottoms  of  less  than  700  fathoms. 
A  very  interesting  modification  of  the  type — ^perhaps  only 
a  variety— occurs  in  deep  water  off  the  coast  of  South 
America.  It  is  somewhat  smaller  than  the  common  form, 
and  differs  from  it  in  general  contour  and  in  colour.  Its 
shape  is  nearly  globular,  so  that  it  may  be  regarded  as  an 
isomorph  of  Nonionina  pompUioides ;  it  is  of  a  beautiful 
grey  hue,  and  the  surface  presents  almost  more  than  the 
normal  glossiness. 


Besbarches  on  the  Flagellate  Infusoria  and  Allied 
Organisms.  By  O.  Butschli,  Professor  of  Zoology  in 
the  University  of  Heidelberg.^ 

Professor  Butschli  points  out  the  value  of  a  careful 
study  of  the  Flagellata,  some  of  which  appear  to  be  more 
nearly  allied  to  the  vegetable  than  to  the  animal  kingdom.' 
He  concludes  his  preface  with  a  hope  that  he  may  be  able  at 
a  future  time  to  amplify  the  present  record. 

I. — The  True  Flagellata. 

8pil]nella«~Cienkowski  ('^  Ueber  Palmellaceen  und 
einige  Flagellaten,''  '  Arch,  fiir  mikr.  Anat.,'  Bd.  vi,  1871, 
p.  482). 

Small  Flagellata,  which,  so  far  as  is  known,  are  colourless. 
They  are  either  free-swimming,  or  are  temporarily  attached 
by  a  threadlike  prolongation  of  the  hinder  end  of  the  body. 

^  Abridged  from  a  paper  in  the  '  Zeitschrift  f.  Wiisensoh.  Zoologie/  Bd. 
XXI,  by  D\iroy  Power,  B.A,  Exeter  Coll.,  Oxford. 
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Anteriorly  is  a  flagellum  of  considerable  size,  near  which  are 
sometimes  one  or  two  smaller  accessory  flagella.  Food 
materials  are  received  into  a  vacuole  formed  at  the  base  of 
the  flagellum  ;  this  vacuole  in  some  forms  becomes  converted 
into  a  liplike  prominence.  A  nucleus  is  present.  Repro- 
duction has  as  yet  only  been  seen  to  take  place  by  simple 
division  during  the  motile  stage.  According  to  Cienkowski 
a  cyst  is  produced  in  the  inner  part  of  the  protoplasmic  body 
of  the  organism^  a  portion  of  which  is  consequently  lost  by 
the  encystation. 

Spumella  termo,  J.  Clark  ('Ann.  and  Magaz.  Nat. 
Hist.,'  4th  ser.,  vol.  i,  p.  135,  figs.  1 — 4). 

Monas  termo,  Ehrenberg  (?),  ('Die  Infusionsthiere  als 
YoUkommene  organismen,^  Leipzig,  1838,  p.  7,  pi.  i,  fig.  S.) 

These  Monads  (Plate  vi,  figs.  1  and  2)  were  often  found 
by  Biitschli  as  small  Flagellata  widely  diffused  in  foul  water. 
In  spite  of  a  few  minor  differences  they  appear  to  be  identical 
with  the  form  described  by  Clark,  and  with  the  Monas  termo 
of  Ehrenberg.  Spumella  termo  is  a  small  organism  with  a 
somewhat  oval  and  flattened  body  ;  the  greatest  thickness  is 
0*005 — 0*006  mm.  in  an  average-sized  specimen.  These 
small  Flagellata  are  usually  more  or  less  fixed  by  the  hinder 
end  of  the  body,  which  is  not  rounded  off,  although  no 
peculiar  shell-like  prolongations  of  this  end,  produced  from 
the  body  itself,  are  visible ;  but  occasionally,  as  generally 
happens  in  Spumella  vulgaris  (Cienk.),  the  posterior  end 
is  drawn  out  into  a  delicate  process.  Sometimes  the 
Spumella  leaves  its  resting  place  and  swims  about  rapidly 
by  means  of  its  flagellum.  During  the  resting  stage  the 
flagellum,  which  springs  from  the  anterior  end  of  the  body, 
is  seen  curved  in  the  way  figured. 

No  accessory  flagellum  is  perceptible  in  this  species. 
Near  the  base  of  the  flagellum  rises  the  lip  as  a  corner  of  the 
somewhat  sharply  defined  anterior  edge  of  the  body.  The 
lip  either  consists  of  colourless  protoplasm,  like  the  true  body 
of  the  organism,  or  it  appears  more  transparent,  because  it 
has  produced  within  itself  a  vacuole  filled  with  fluid 
(fig.  1  a).  This  vacuole  of  the  liplike  prominence  is  sub- 
servient to  the  reception  of  food ;  thus,  the  Bacteria  and 
Micrococci,  which  constitute  the  chief  food  of  the  organism, 
are  driven  against  the  liplike  prominence  by  the  lashings 
of  the  flagellum ;  they  either  escape  or  are  taken  into  the 
vacuole,  which  is  now  much  swollen  (fig.  1  b).  The  vacuole 
then   passes   gradually   down,  along  the  side  of  the  body 
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(fig.  1  c),  to  the  posterior  end,  where  it  ultimately  becomes  so 
entirely  surrounded  that  it  no  longer  projects  sac-like  beyond 
the  body.  After  a  time  such  particles  appear  to  lose  the 
vacuole  by  which  they  were  surrounded,  and  numbers  are 
found  lying  free  in  the  protoplasm.  Occasionally,  also, 
vacuoles  containing  no  food  materials  are  carried  bacKwards. 
It  thus  seems  as  if  the  vacuoles  were  formed  at  definite 
intervals,  and  were  pushed  back  without  the  ingestion  of 
food  acting  as  a  necessary  stimulus.  The  vacuoles  may  also 
be  formed  directly  on  the  ingestion  of  food,  although  one  is 
usually  readily  prepared  for  such  an  event  in  the  liplike  pro- 
minence. Clark  supposed  that  there  was  a  cy tostome  or  cell 
mouth  between  the  base  of  the  fiagellum  and  the  lip,  usually 
kept  closed,  which  allowed  the  lip  to  play  a  part  in  the  swal- 
lowing of  food.  The  process  of  the  rejection  of  food  remnants 
has  been  observed  by  Biitschli  in  a  stalked  form  of  moderate 
size ;  the  materials  to  be  extruded  were  surrounded  by  large 
irregular  vacuoles  formed  from  time  to  time  within  the  body ; 
these  vacuoles  were  moved  to  the  side  on  which  was  the  lip, 
and  stood  out  hernial  like  from  it,  when  they  either  emptied 
their  contents,  or,  still  retaining  them,  were  pinched  oflf  from 
the  body. 

A  single  rapidly  contracting  vacuole  was  constantly  present 
on  the  side  opposite  the  lip.  A  vesicular  nucleus  with  clear 
border  and  distinct  nucleoli  was  frequently  visible  in  the 
anterior  part  of  the  body,  not  far  behind  the  base  of  the 
flagellum. 

Of  the  phenomena  of  reproduction,  Biitschli  only  suc- 
ceeded in  observing  the  frequent  divisions,  which  are  executed 
in  a  way  which  seems  to  be  general  in  the  small  proportion 
of  Flagellata  which  have  as  yet  been  examined  in  regard 
to  this  point  (Plate  vi,  fig.  2).  In  the  individual  which  is 
about  to  divide  a  second  flagellum  makes  its  appearance. 
Thus  instead  of  the  primitively  simple  flagellum,  two  are 
formed.  The  shape  of  the  organism,  however,  is  not 
noticeably  changed,  except  that  it  appears  slightly  more 
fflobular,  and  the  lip  prominence  seems  to  pass  away.  The 
further  process  of  division  can  be  followed  in  fig.  2,  a  to  e. 
The  body  of  the  organism  is  first  constricted  and  then 
divided  between  the  separated  flagella.  The  pinched-o£f 
parts  then  gradually  draw  away  from  each  other  for  a  con- 
siderable distance,  till  the  two  daughter  organisms  are  only 
united  by  a  very  delicate  thread,  which  ultimately  breaks, 
and  the  two  products  of  the  division  separate  from  each  other. 
The  mode  in  which  the  multiplication  of  the  flagella  takes 
place  is  not  determined.     The   entire  process  of   division 
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occupies  only  a  few  minutes^  but  from  the  miauteness  of  the 
organism  the  behaviour  of  the  nucleus  cannot  be  observed. 
No  encystation  has  as  yet  been  noticed  in  this  form. 

Spumella  neglecta,  Monaa  neglecta^ci.  Clark (loc.  cit.j 
p.  I889  pi.  v^  figs.  5,  6),  is  closely  allied  to  the  form  just 
described. 

Spumella  vulgaris,  Cienkowski  (loc.  cit.).  Biitschli 
is  able  on  the  whole  to  confirm  Cienkowski's  description.  It 
is  distinguishable  from  SpumeUa  termo  by  its  very  round, 
and  almost  spherical  shape>  and  by  the  absence  of  the  liplike 
prominence. 

Spumella  (?)  truncata,  Fresenius  ('' Beitrage  zur  Ken- 
ntniss  kleinster  organismen/'  'Abhandl.  der  Senkenberg. 
Gesselsch.  zu  Frankfurt-a-M./  Bd.  ii,  pi  x,fig.  42),  is  placed 
provisionally  with  Cienkowski's  Spumella ;  it  is  a  very  cha- 
racteristic organism,  and  has  been  well  figured  by  Fresenius, 
who  has  described  it  as  Monas  truncata  in  the  explanation  of 
his  plate,  though  he  has  omitted  all  mention  of  it  in  the  text. 
The  organism  (Plate  vi,  fig.  S)  is  very  flat,  being  but  thin 
in  proportion  to  its  length  and  breadth.  The  contour  of  the 
broad  side  is  somewhat  oval,  although  the  end  bearing  the 
flagellum  is  cut  off  to  form  a  sharp  slope ;  the  opposite  pole, 
on  the  other  hand,  being  either  smoothly  rounded  off  or  mo- 
derately pointed.  From  the  higher  portion  of  the  anterior 
end  of  the  body — the  sloping  portion — proceed  two  flagella, 
which  are  of  no  great  length.  In  the  clear  protoplasmic 
body,  near  the  longer  side,  is  a  vesicular  nucleus  with  large 
dark  inner  body,  which  is  generally  somewhat  in  front  of 
the  centre  of  the  body.  The  contractile  vacuole  is  on  the 
opposite  and  shorter  side  of  the  body,  close  to  the  front 
anterior  border.  Immediately  in  front  of  the  vacuole  is  a 
dark  band,  running  nearly  parallel  to  the  oblique  anterior 
border,  from  the  shorter  side  almost  to  the  base  of  the 
flagellum.  This  band  is  composed  of  a  substance  of  high 
refractive  index,  which  on  closer  scrutiny  always  appears  to 
be  irregularly  granular ;  and  it  is  sometimes  quite  apparent 
that  it  is  made  up  of  a  number  of  highly  refracting  granules. 
This  band  is  analogous  with  the  one  found  by  Cienkowski 
in  SpumeUa  vulgaris^  and  should  perhaps  be  classed  with 
the  so-called  eyespots  in  other  Flagellata. 

The  protoplasmic  body  contains  great  numbers  of  per- 
manent vacuoles,  amongst  which  the  food  vacuoles,  with  their 
enclosed  particles,  are  so  clearly  distinguishable  that  there 
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is  no  doubt  that  Spumetta  truncata  takes  solid  food,  although 
neither  the  kind  of  nutriment  nor  the  mode  of  ingestion  is 
yet  ascertained^  owing  to  the  rapid  and  uninterrupted  move- 
ments of  the  organism. 

Chromnlina  Cienkowski  C'  Ueber  Palmellaceen  und 
einige  Flagellaten/' '  Archiy.  fiir  Mikr.  Anat.,'  Bd.  vi,  1871, 
p.  435). 

Small  Flagellata  with  a  flagellum,  contractile  vacuole,  and 
coloured  disc.  Inside  is  a  cyst — the  entocyst.  No  solid 
food  appears  to  be  taken.  The  presence  of  the  nucleus  is 
doubtful. 

Chromulina  ochracea,  Ehrenber^  ('Die  Infiisionsthiere 
als  Vollkommene  organismen/  Leipzig,  18S8,  p.  II,  pi.  i, 
fig.  7),  Moneys  ochraceay  Ehrb. — These  small  organisms  are 
placed  in  the  genus  Chromtdina,  Cienk.,  in  spite  of  the  fact 
that  the  production  of  a  cyst  within  the  protoplasmic  body — 
which  is  the  most  remarkable  peculiarity  of  the  species- 
has  not  yet  been  observed.  The  identity  with  Monoi 
ochracea  of  Ehrenberg  is  very  doubtful. 

Chromulina  ochracea  (Plate  vi,  fig.  4)  is  a  small  organism 
measuring  0*006  to  0*008  mm.  in  length  and  breadth ;  it  was 
obtained  in  the  lake  in  the  Grand-ducal  park  at  Carlsruhe, 
where  it  was  present  in  such  numbers  as  to  tinge  the  water 
of  a  yellowish-brown  colour.  The  body  is  much  flattened 
(fig.  4  c,  seen  from  the  narrow  side),  being  heart-shaped,  oval, 
or  sometimes  irregular  in  appearance,  when  looked  at  from  the 
flat  side  (fig.  4  a  b).  Within  the  colourless  protoplasm 
composing  the  body,  two  large  coloured  discs  of  a  brown  or 
yellowish-brown  colour  are  constantly  present ;  these  discs 
entirely  fill  up  the  interior  of  the  body.  In  the  narrower  end 
of  the  body  lies  a  deep  red  eyespot  of  elongated  rod-like 
appearance,  and  close  to  it  are  usually  a  number  of  dark 
granules  of  high  refractive  index  (fig.  4  a  and  b).  About  the 
centre  of  the  body  is  a  contractile  vacuole,  which  is  very 
conspicuous  during  the  diastole,  and  which  contracts  tolerably 
slowly.  The  very  rapid  flickering,  as  well  as  convulsive  and 
tottering  movement,  which  is  only  broken  at  intervals  by  short 

{)eriods  of  rest,  is  due  to  a  flagellum  of  two  or  three  times  the 
ength  of  the  body,  which  is  very  difficult  to  observe.  It 
probably  arises,  not  from  one  end  of  the  body,  but  from  one 
of  the  broad  surfaces  of  the  body  (fig.  4  c) .  No  nucleus  has 
yet  been  noticed.  Occasionally  some  of  the  organisms  which 
seem  to  have  lost  their  flagellum,  execute  amoeboid  move- 
ments and  put  out  tolerably  long  pseudopodia. 
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The  author  next  describes  a  small  parasitic  Flagellate 
found  in  the  alimentary  canal  of  a  free  living  Nematode 
IHlobus  gracilis.  The  individuals  were  aggregated  together 
by  their  non-flagellate  poles,  into  radiating  colonies.  Single 
individuals,  which  are  easily  isolated,  are  very  long  and 
spindle-shaped,  so  as  to  be  almost  rod-like  (from  about 
0*011  mm.  in  length);  they  are  colourless,  and  are  provided 
at  the  blunter  end  of  the  body  with  a  large  thick  flagellum, 
of  almost  twice  the  length  of  the  body.  A  contractile 
vacuole  lies  somewhat  behind  the  base  of  the  tentacle,  and 
at  some  distance  below  this,  in  the  otherwise  feebly  and 
very  finely  granular  protoplasm  of  the  body,  is  seen  a  small 
mass  of  high  refractive  index,  composed  of  dark  granules. 
No  nucleus  is  observable.  The  movement  of  the  organism 
is  tolerably  slow  after  it  has  been  removed  from  the  intestine 
of  Trilobus,  at  least  in  water,  in  which  it  dies  rather 
quickly. 

Antophvsao  Bory  de  Vincent. 

Small  colourless  Flagellata  forming  racemose  colonies  ;  the 
number  of  individuals  forming  a  colony  varies  from  two  to 
fifty,  according  to  Clark.  The  individuals  of  each  racemose 
colony  are  attached  without  lateral  connection,  by  a  short 
stalk-like  prolongation  of  the  hinder  end  of  the  body  to  a  fine 
terminal  branch  of  the  thick,  branching,  brown-coloured 
main  stem;  each  individual  has  a  large  flagellum  and  a 
delicate  accessory  flagellum,  a  lip-like  prolongation  for  the 
ingestion  of  food,  and  a  contractile  vacuole.  The  nucleus 
is  doubtful.  Reproduction  by  fission  on  the  stalk  in  the 
colony;  whole  colonies,  as  well  as  single  individuals,  fre- 
quently separate  themselves  and  swim  about,  such  individuals 
again  becoming  fixed,  probably  form  the  commencement  of  a 
new  colony. 

Antophysa  vegetans,  O.  F.  Muller. 

Vohoz  vegetans y  Muller  ('  Animalcula  Infusoria,'  p.  22, 
pi.  iii,  figs.  22—25). 

Antophysis  Mulleri,  Bory  ('  Encyclop^d.  m^th.,'  1824 ; 
'  Hist.  Nat.  des  Zoophytes,'  p.  66). 

Epiatylis  vegetans  ?,  Ehrb.  (^  Die  Infusionsthiere  als  voU- 
kommene  organismen/  Leipzig,  1888,  p.  285,  pi.  xxvii,  fig.  5). 

Antophysa  MuUeri,  Dujardin  CHistoire  nat.  des  Infu- 
soires,'  Paris,  1841,  p.  802). 

Antophysa  MuUeriy  Cohn  (^  Entwickelungsgeschichte  der 
Mikroskopisohen  Algen  und  Pilze,  Nov.  act.  Ac.  c.  L.C.,  &c.,^ 
Bd.  xxiv,  p.  109,  pi.  XV,  figs.  1—8). 
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Antophysa  Miilleri,  Clap,  and  Lachm  (Clapardde  and 
Lachinan, '  Etudes  sur  les  Infusoires/  pp.  64 — 66). 

Antophysa  Miilleri,  Clark  (^  Ann.  and  Magaz.  Nat.  Hist,/ 
4th  ser.,  vol.  i,  p.  209). 

Antophysa  Miilleri,  Archer  (^'  On  Antophysa  Mtdleri,^^  this 
Journat  vol.  vi,  N.  S.,  1866,  p.  182). 

Antophysa  Miilleri,  Fromentel  ('Eludes  sur  les  Micro- 
zoaires/  Paris,  p.  837,  pi.  xxvi,  fig.  6). 

These  organisms  (Plate  vi,  fig.  6)  were  discovered  by  . 
O.  F.  Miiller.  Kuetzing  supposed  that  the  brown  stalk  was 
a  peculiar  fungus — Stereonema — and  distinguished  six  dif- 
ferent kinds.  Lately  (1861)  Archer  has  shown  that  the  main 
stem  of  the  organism  increases  independently,  and  that  the 
colonies  at  the  termin&l  branches  are  to  be  looked  upon  as 
swarm  spores,  which  are,  from  time  to  time,  produced  from 
the  branches,  so  that  the  main  stem  is  to  be  regarded  as  the 
chief  organism.  Dujardin,  in  opposition  to  Ehrenberg,  was 
the  first  to  prove  adequately  the  flagellate  nature  of  these 
organisms,  which  he  placed  near  Ehrenberg's  genus  Uvella. 

Butschli  now  confirms  Clark's  account  in  its  essential 
features.  For  instance,  as  regards  the  presence  of  a  deli- 
cate, small,  and  very  rapidly-vibrating  accessory  flagellum, 
close  to  the  base  of  the  chief  flagellum,  and  as  to  the  exist- 
ance  of  a  lip  or  beak-like  prominence  of  similar  nature  with, 
and  in  the  same  position  as,  the  one  found  in  SpumeUa 
termo,  Clark. 

Reproduction  takes  place  within  the  colony  by  fission  of 
the  individuals,  as  described  by  Clark  (1.  c),  although 
Biitschli  states  that  he  has  seen  nothing  of  the  case  or 
coat  described  by  that  author.    ^ 

Division  (Family?):  Cylicomastiges. 

The  two  genera,  Codosiga  and  Salpingoeca,  are  closely  allied 
outwardly.  They  differ  chiefly,  if  not  solely,  in  the  fact  that* 
the  latter  are  provided  with  peculiar  shells,  Kke  Bicosoeca 
and  Dinobryon,  whilst  the  former  genus,  on  the  contrary, 
is  devoid  of  such  shell.  Both  genera  possess  a  remarkable 
peculiarity  in  the  existence  of  a  large  collar  or  calyx  sur- 
rounding the  base  of  the  single  flagellum ;  and  it  appears 
right  to  make  this  point  one  of  a  classificatory  importance.  The 
endoderm  cells  of  Sponges  are,  as  Clark  has  shown,  provided 
vrith  a  similar  collar,  and  so,  classify  Sponges  as  one  will, 
there  still  remains  the  remkrkable  agreement— still  requiring 
explanation — between  the  flagellum-bearing  cells  of  the 
Sponges  and  certain  flagellate  organisms.     This  appears  the 
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more  noteworthy,  as  this  peculiar  condition  of  the  flagellate 
cells  has  never  been  found  in  other  organisms. 

Ck>d08iga>  Clark  ('  Ann.  and  Mag.  Nat.  Hist./  4th  ser., 
vol.  i,p.  191). 

Antophysis,  Bory  ('Encycl.  Method.  Hist.  Nat.  des 
Zoophytes/  1824). 

Epistylis,  Ehrb.  ('Die  Infusionsthiere  als  vollkommene 
orffanismen/  Leipzig,  1838). 

i  Pycnobryon,  Fromentel  ('Etudes  sur  les  Microzoaires,' 
Paris,  pp.  212  and  887). 

UveUa,  Fromentel,  op.  cit.,  p.  888. 

Small,  colourless,  colony-forming  Flagellata.  The  single 
individuals  have  a  long  flagellum  anteriorly,  arising  within 
a  very  large  collar.  The  organisms  are  naked,  devoid 
of  a  covering.  Food  is  ingested  into  a  food  vacuole  situated 
outside  the  collar  at  its  base.  A  contractile  vacuole  and 
nucleus  are  present.  The  colonies  are  formed  as  they  are 
in  Antophysa,  the  individuals  arising  from  the  end  of  a 
straight  and  unbranched  main  stem,  which  is  frequently  of 
considerable  length.  Reproduction  by  longitudinal  fission 
of  the  individuals  forming  the  colony  has  been  observed. 

Codosiga  botrytis,  Ehrb. 

Antophysxs  soliiariay  Bory  ('  Encyc.  m^th.,'  p.  67). 
,     „  „  (Bory),    Fresenius    ("Beitrage   zur 

Kenntniss  kleinster  organismen,'' '  Abhandl.  der  Senkenberg 
Gesellsh.  zu  Frankfurt-a-M.,'  Bd.  ii,  p.  iSS,  pi.  x,  fig. 
29,  80). 

Epistylis  hotrytisy  Ehrb  (p.  284,  pi.  xxvii,  fig.  4). 

Codosiga  ptUcherrima,  Clark  (loc.  cit.,  p.  189,  pi.  v, 
figs.  7—27). 

?  Uvella  diyuncta,  Fromentel  (p.  388,  pi.  xxv,  fig.  8). 

?  Pycnobryon  soctalis,  Fromentel  (p.  187,  pi.  xxvi,  fig.  9). 

These  very  interesting,  but  yet  common,  forms  (PI.  vi,fig.'3^ 
were  discovered  in  1868  by  G.  Fresenius,  who  with  reason 
held  that  they  were  the  same  as  the  epistylis  hotryti$ 
of  Ehrenberg ;  whether,  on  the  contrary,  Antophysa  soli- 
taria  of  Bory  de  Vincent,  after  which  Fresenius  named 
the  species,  is  identical  with  the  Epistylis  botrytis  of  Ehren- 
bei^  IS  doubtful.  The  number  of  organisms  going  to  make 
up  a  colony  was  long  a  matter  of  dispute ;  usually  only  four 
or  five  are  seen,  whilst  Clark  has  observed  eight,  and  Ehren- 
berg ten.  Solitary  individuals  are  frequently  mounted  upon 
short  slender  stalks.     The  pedicels  of  older  colonies,  richer 
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in  individuals^  are  thicker  and  longer  (fig.  7  a) ;  at  their 
attached  base  a  flattened  portion  serving  for  attachment  is 
seen  under  favorable  circumstances^  whilst  the  stem  itself 
appears  tubular^  dark  sides,  and  a  clear  homogeneous  axis 
substance  being  distinguishable.  Occasionally  the  usually 
colourless  stem  is  tinged  of  a  somewhat  yellowish  brown. 

The  individuals  forming  the  colony  spring  from  the  upper 
end  of  the  stem,  each  being  carried  upon  a  delicate  proto- 
plasmic stalk,  which  passes  directly  into  the  hinder  end  of 
the  organism.  These  stem-like  prolongations  of  the  hinder 
poles  are  not  contractile,  at  least  not  in  any  noticeable 
degree.  The  flagellum  springs  from  the  centre  of  the  obtuse 
anterior  pole  of  the  body.  When  it  is  at  rest  it  frequently 
falls,  somewhat  curled  in  a  very  characteristic  way.  The 
delicate  membrane-like  collar  surrounds  the  blunted  anterior 
pole  (fig.  7  a — c) ;  it  is  usually  seen  in  optical  section  as 
two  dark  diverging  lines,  which  at  first  give  the  impression 
of  two  accessory  flagella,  and  for  these  they  have  been 
occasionally  mistaken. 

Fresenius  described  the  collar  as  a  delicate,  blunted  ap- 
pendage, from  which  a  cilium  causing  motion  (Bewegungs- 
faden)  projected. 

The  size  and  appearance  of  the  collar  are  exceedingly 
variable;  sometimes  it  projects  only  very  slightly  beyond 
the  anterior  end.  Separate  specimens  have  been  seen 
swimming  freely,  which  did^not  possess  any  trace  of  a  collar. 
Generally  it  is  of  considerable  height,  as  in  fig.  7' a,  b,  oc- 
casionally (fig.  7  c)  it  is  a  very  noticeable  object.  Clark  has 
observed  that  this  change  in  the  height  of  the  collar  is  very 
rapidly  executed  in  one  and  the  same  individual,  that  the 
funnel  can  be  drawn  in,  that  is,  can  be  made  to  blend  with 
the  protoplasm  of  the  body,  and  can  be  again  protruded. 
This  fact,  in  connection  with  its  conduct  during  fission, 
points  to  the  conclusion  that  the  collar  is  only  the  protoplasm 
of  the  anterior  end  of  the  body  modified  in  a  peculiar  way, 
and  that  it  may  be  regarded  in  a  certain  sense  as  a  further 
modification  of  the  lip-like  prolongation  of  such  an  organism 
as  Bicosoeca. 

The  collar  cannot  alter  its  shape  without  at  the  same 
time  changing  its  height.  Whilst  the  organism  is  in  move- 
ment it  is  able  to  contract,  and  the  shape  becomes  more 
rounded,  whilst  the  free  edge  of  the  collar  is  so  much  con- 
tracted that  it  almost  closes  (fig.  7  d),  although  its  usual 
condition  is  that  of  a  more  or  less  funnel-shaped  opening. 
According  to  Clark,  the  cytostome  or  spot  where  the  in- 
gestion 6f  food  takes  place,  is  at  the  anterior  end  of  the 
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body^  near  the  base  of  the  flagellum  within  the  collar.  The 
process  of  ingestion  of  food  has  not  yet  been  fuUy  followed 
out.  By  careful  observation^  however,  a  vacuole-like  struc- 
ture (fig.  7  a,  z)  is  seen  to  project  upon  one  side  of  the  body 
clo^e  below  the  base  of  the  collar,  and  beyond  the  contour  of 
the  body.  Soon  this  structure  disappears,  and  after  a  cer- 
tain time  another  similar  one  appears  upon  the  opposite  side. 
It  has  also  in  some  measure  the  appearance  of  wandering 
about  close  under  the 'base  of  the  collar;  but  it  is  not  yet 
known  whether  this  really  happens,  or  whether  different 
vacuoles  rise  and  then  vanish  in  opposite  parts  of  the 
body.  The  whole  matter,  however,  becomes  simple,  if 
it  be  assumed  that  the  vacuole  changes  its  position. 
The  ingestion  of  food  takes  place  into  the  middle  of 
these  vacuoles  in  the  following  way : — Particles  of  various 
kinds  —  Micrococci,  Bacteria,  &c. — are  often  driven  by 
the  movements  of  the  flagellum  on  to  the  outer  surface  of 
the  collar,  to  which  they  adhere;  occasionally  the  entire 
outer  face  of  the  collar  is  seen  to  be  covered  by  such  ad- 
herent particles.  Gradually  all  the  particles  are  seen  to  be 
pushed  backwards,  first  on  to  the  collar,  and  a  little  later  to 
the  base  of  the  collar,  until  they  touch  the  vacuole,  by  which 
they  are  taken  up  and  engulphed  as  food  for  the  body.  The 
remnants  of  the  food  are  extruded  close  to  the  base  of  the 
flagellum  within  the  collar. 

The  nucleus  situated  near  the  anterior  end  is  first  seen 
within  the  body,  it  consists  in  the  living  state  of  a  transparent 
portion  containing  dark  bodies.  The  nucleus  becomes  much 
more  prominent  after  treatment  with  acetic  acid,  but  there 
still  remains  the  dark  and  somewhat  granular  case  and 
the  transparent  exterior.  The  protoplasmic  body  is  very 
frequently  filled  with  a  number  of  large  non-contractile 
vacuoles  in  addition  to  the  food  vacuoles.  These  large 
vacuoles  can  only  be  distinguished  from  one  another  by  their 
boundary  walls,  which  are  comparatively  very  delicate  ; 
iience  the  whole  organism  appears  to  be  a  large  alveolar 
vacuole.  The  contractile  vacuoles  are  always  double,  and 
lie  at  the  posterior  end  of  the  body  on  opposite  sides,  not 
quite  in  the  same  section,  since  one  is  generally  a  little  in 
advance  of  the  other,  nearly  in  the  centre  of  the  body's  length. 
No  third  contractile  vacuole  was  observed  by  Biitschli, 
although  one  has  been  described  by  Clark.  The  two 
yacuoles  contract  alternately ;  their  contraction  is  very  slow. 
The  formation  of  the  vacuole  is  peculiar,  and  has  analogies 
with  the  same  process  in  such  ciliata  as  Uroleptus.  The 
mode  is  as    follows :  -—  A    narrow-elongated    space   filled 
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with  fluid  makes  its  appearance  beneath  the  upper  surface 
of  the  body  at  the  spot  where  the  last  vacuole  disappeared 
(fig.  7  c^  v);  this  space,  so  far  as  can  be  determined,  is 
formed  by  the  flowing  together  of  several  smaller  vacuoles. 
Shortly  before  the  systole  the  space  rounds  itself  into  a 
vacuole. 

The  author  has,  unfortunately,  failed  to  find  the  condition 
of  division,  and  so  has  not  been  in  a  position  to  confirm 
Clark^s  interesting  observations  on  this  point,  which  are 
shortly  as  follows : — ^The  division  occurs  longitudinally,  and 
so  is  in  conformity  with  the  general  rule  amongst  the  Flagel- 
lata.  The  organisms  next  become  globular,  and  the  flagel- 
lum  becomes  shorter  and  shorter,  till  it  is  finally  entirely 
withdrawn  into  the  protoplasm.  Then  begins  the  peculiar 
division  of  the  body  of  the  organism  in  the  neighbourhood 
of  the  flagellum,  from  which  point  it  gradually  proceeds 
backwards;  finally,  the  collar  is  drawn  into  the  division, 
and  is  gradually  cut  through  from  the  base  to  the  apex.  In 
the  meanwhile,  a  flagellum,  which  is  at  first  small,  but 
which  gradually  increases  as  the  process  of  division  proceeds, 
is  budded  out  from  the  anterior  end  of  each  of  the  products 
of  the  fission.  The  posterior  thread-like  elongation  of  the 
body,  which  attaches  the  organism  to  the  common  stalk  of 
the  colon  J,  also  undergoes  division,  until*  finally  the  two 
products  of  the  fission  become  completely  separated. 

The  author  has  observed  forms  which  were  surrounded  by 
a  delicate  viscid  case  (fig.  7  b),  and  also  others  whose  bodies 
were  covered  with  Bacteria  (fig.  7  e). 

The  average  size,  not  reckoning  the  collar,  was  O'OIS  mm. 
The  organisms  have  been  found  very  frequently  upon  Algse 
and  so  forth,  upon  the  stems  of  Antophysa  vegetans,  and  once 
upon  colonies  of  Volvox  dioicus,  Cohn.  They  withstand  a 
considerable  degree  of  foulness  in  the  water  where  they 
occur. 

Salpingoecai  Clark  ('  Ann.  and  Mag.  Nat.  Hist.,'  4th  ser., 
vol.  i,  p7l99). 

This  genus  differs  from  the  foregoing  in  the  fact  that  the 
animals  live  in  transparent  cups  or  flask-like  shells  ;  they  are 
solitary,  and  not  colony-forming  as  far  as  they  have  yet  been 
observed;  their  method  of  reproduction  is  unknown. 

Salpingoeca  gracilis,  Clark?  (op.  cit.,  p.  199,  pi.  vi, 
figs.  88  and  39). 

This  organism  (Plate  vi,  fig.  8)  resembles  Codosiga, 
but   inhabits   an    elongated    case,    which    has    sometimes 
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the  shape  of  a  test-tube,  becoming  much  narrower  pos- 
teriorly. The  author  is  unable  to  confirm  Clark's  statement 
that  the  hinder  portion  terminates  in  a  delicate  prolonga- 
tion. The  length  of  the  broad  tube  is  0*027  mm.,  and  it 
consists  of  a  perfectly  transparent  firm  mass,  of  a  chitinous 
nature  to  all  appearance,  although  no  micro-chemical  tests 
were  applied  to  detejmine  its  constitution.  In  no  case  was 
the  material  of  a  viscid  consistency,  as  stated  by  Clark.  The 
organism  itself  occupies  only  a  comparatively  small  (^)  part 
of  the  tube,  within  which  it  is  very  moveable.  It  can 
stretch  itself  so  far  out  that  nearly  the  whole  of  the  collar 
is  extruded,  or  it  can  very  rapidly  retract  itself  to  the  hinder 
end  of  the  tube.  It  is  not  known  what  causes  these  rapid 
movements  of  retraction,  but  in  one  case  a  delicate  thread 
seemed  to  run  from  the  posterior  end  of  the  body  to  the  side 
wall  of  the  tube.  The  co-operation  of  the  flagellum  in  this 
action  seems  very  doubtful.  The  relations  of  the  flagellum 
and  collar  are  seen  in  fig.  8.  The  flagellum  is  so  delicate  as 
to  be  scarcely  visible.  The  ingestion  of  food  has  not  been 
observed.  The  nucleus  is  placed  anteriorly,  and  is  made 
much  more  visible  by  the  use  of  acetic  acid.  A  contractile 
vacuole  of  considerable  size  is  found  in  the  hinder  third  of 
the  body.  The  rate  of  contraction  is  slow,  and  there-forma- 
tion is  brought  about  by  the  flowing  together  of  several 
small  vacuoles,  which  appear  either  shortly  before  or  during 
the  systole  of  the  previous  vacuole.  Once  it  was  found  that 
after  the  vacuole  had  contracted  and  re-formed  for  some  time 
in  one  place,  it  began  instead  on  the  opposite  side  of  the 
body ;  this  phenomenon  probably  gave  rise  to  Clark's  state- 
ment that  there  were  two  contractile  vacuoles  as  in  Codosiga 
botrytis. 

Salpingoeca  amphoridium,  Clark  (?),  (op.  cit.,  p.  208, 
pi.  vi,  figs.  37,  37  d). 

This  species  has  been  found  only  on  a  single  occasion 
by  the  author;  it  agrees  fairly  with  Clark's  description. 
The  appearance  of  the  case  is  characteristicallv  flask-like 
(Plate  vi,  fig.  9) ;  in  the  form  described  by  Clark  the  fixed 
end  was  rounded  or  somewhat  pointed,  whilst  in  this  it  is 
broadly  flattened;  in  both  cases  the  organism  almost  en- 
tirely fills  the  case,  which  thus  appears  to  be  a  cast  of  the 
animal.  The  collar  and  flagellum  are  seen  with  difficulty. 
Numerous  vacuoles  are  found  within  the  body,  but  only  one 
of  these  is  contractile,  whereas  in  Clark's  Salpingoeca  amph  o 
ridium  there  were  two  large  contractile  vacuoles  and  three 
smaller  ones.     Food  vacuoles  are  seen  passing  backwards 
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through  the  long  neck.     No  nucleus  was  founds  neither  was 
the  process  of  food  ingestion  observed. 

Salpingoeca  Clarkii^  new  sp. 

This  organism  was  frequently  found  on  the  stem  of 
Antophysa  vegetans;  it  must  be  regarded  as  a  peculiar 
species,  closely  allied  to  Clark^s  Salpingmca  marina,^  from 
which  it  differs  in  the  form  of  its  case,  as  is  shown 
in  fig.  10.  The  shape  is  comparable  with  that  of  a  flower 
vase,  and  it  extends  behind  into  a  delicate  stem-like  por- 
tion, which,  as  in  SaipingcBca  gracilis,  is  a  hollow  and 
narrower  portion  of  the  case,  and  not  a  solid  support,  as 
it  is  in  Salpigmca  marina.  The  free  anterior  border  of  the 
case  is  spread  out  so  as  to  be  broadly  funnel-shaped,  and  from 
it  project  the  collar  and  flagellum.  The  organisms  are  also 
able  to  open  or  close  the  border  of  the  calyx,  and  this  is 
undoubtedly  in  connection  with  the  mobility  of  the  creatures 
in  their  cases.  They  are  ordinarily  found,  like  Salping€Boa 
marina,  in  the  front  portion  of_  their  cases  (fig.  10),  but  on 
being  disturbed  they  go  down  to  the  bottom,  so  that  the 
collar,  which  has  become  closed,  only  just  projects  above  the 
rim  of  the  calyx.  In  this  condition  it  is  very  difficult  to  dis- 
tinguish the  collar.  The  fiagellum  is  readily  visible,  and  is 
generally  quite  motionless  and  slightly  extended.  The  inges- 
tion of  food  has  not  been  followed,  although  there  are 
usually  a  number  of  particles,  which  are  undoubtedly  food 
particles,  lying  in  the  body.  The  nucleus  is  easily  seen,  and 
lies,  as  in  other  forms,  anteriorly ;  its  structure  is  the  same 
as  in  Codosiga  and  Salpingmca  gracilis.  The  contractile  va- 
cuoles are  present,  situated  on  opposite  sides  of  the  body,  as 
in  Codosiga,  or  close  to  each  other,  as  in  fig.  10.  The  height 
of  the  calyx  is  0*019  mm. 

As  an  appendix  to  the  genus  Salpingoeca  a  small  orga- 
nism is  here  mentioned,  which  was  pretty  frequently  found  upon 
the  stem  of  Antophysa  vegetans,  and  of  whose  exact'  position 
the  author  is  not  quite  certain,  on  account  of  the  great  diffi- 
culty in  studying  a  new  organism  of  such  minuteness.  These 
small  Flagellate  organisms  inhabit  a  case  fixed  upon  the 
stems  of  Antophysa,  as  seen  in  fig.  11,  a  c,  which  shows 
varying  forms.  The  walls,  which  are  of  considerable  thick- 
ness, are  of  a  deep  brown  colour,  and  have  an  irregular  and 
rough  contour.  The  height  of  the  case  is  about  0*008  mm. 
The  protoplasmic  body  generally  fills  the  case,  and  may  either 
extend  beyond  it  to  a  greater  or  less  extent,  or  not  at  all^ 
At  the  anterior  extremity,  which  extends  beyond  the  case 


Digiti 


zed  by  Google 


76  PBOFS880K  O.  BUT8CHL1. 

is  Been  the  flagellum^  which  is  sometimes  vibrating  (fig.  11,  a). 
On  either  side  of  the  flagellum  is  seen,  though  with  great 
difficulty,  a  faint  line,  which  resembles  the  optical  section 
of  the  collar  in  Salpingseca.  Frequently  neither  the  flagel- 
lum nor  collar  is  visible  (fig.  11,  c),  or  the  latter  appears  to 
be  shrivelled,  in  which  case  the  organism  is  remarkably  like 
a  rhizopod*  A  nucleus  lies  within  the  more  or  less  granular 
protoplasm,  and  near  it  are  (fig.  11,  a),  one,  and  in  some  cases 
three  contractile  vacuoles  (o),  lying  at  the  hinder  end  of  the 
body  (fig.  11,  c). 

BicosOBCa,  Clark  ('  Ann.  and  Mag.  Nat.  Hist.,'  4th  ser., 
vol.  i,  p.  139). 

Stylobryan,  Fromentel  (*  £tudes  sur  les  Microzoaires).' 
Small  organisms  with  a  single  long  jQagellum  at  the 
anterior  end,  together  with  a  large  lip-  or  beak  •like  pro- 
minence for  the  ingestion  of  food.  A  contractile  vacuole  is 
present,  and  a  nucleus  doubtfully  so.  Each  individual,  like 
Dinobryon,  inhabits  a  calyx-like  case,  into  which  it  can 
retract  itself  with  the  assistance  of  a  very  elastic  thread  which 
springs  from  the  posterior  end  of  the  body.  Occasionally, 
as  in  Dinobryon,  colony-building  forms  are  observed.  These 
organisms  are  found  both  in  salt  and  fresh  water. 

Bicosoeca  lacustris,  Clark  (?),  (op.  cit.,  p.  188,  pi.  v, 
figs.  83,  33  c). 

This  species  is  very  frequent  in  ponds,  where  it  attaches 
itself  to  Algee  and  other  water  plants,  and  often  to  the  main 
stem  of  Antophysa.  Solitary  individuals  are  generally 
observed,  whose  calyx  is  attached  to  a  delicate  stem.  In 
the  forms  observed  by  Clark  this  stem  reached  at  the  most 
only  half  the  height  of  the  calyx,  but  in  those  seen 
by  Biitschli  the  stem  far  exceeded  the  calyx  in  length 
(fig.  12,  a).  Occasionally  colony-building  forms  have  been 
noticed  (fig.  12,  a  b.)  The  young  calyces  are  produced  from 
the  mouths  of  the  older  forms,  just  as  they  are  in  Dinobryon. 
A  dark  supporting  line  has  several  times  been  seen  to  extend 
from  the  posterior  end  of  such  a  young  specimen  to  the  older 
one  (fi^.  12,  b),  and  consequently  it  must  be  asserted  that 
the  young  calices  are  provided  with  stalks,  which  extend 
from  the  inner  wall  of  the  older  ones. 

The  shapes  of  the  calyx  are  seen  in  the  figures.  The 
openings  are  either  rapidly  enlarged  as  in  fig.  12,  b,  or  as 
rapidly  narrowed  (fig.  12,  c  and  d),and  it  can  sometimes  be 
clearly  seen  that  the  opening  is  nearly  closed,  when  the 
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animal  withdraws  itself  into  its  calyx,  although  this  is  hy 
no  means  always  the  ease  (fig.  12,  b).  Clark  was  probably 
right  when  he  attributed  this  power  of  closing  the  shell  to 
young  forms.  Sometimes  the  calyx  is  not  circular,  but  is 
triangular.  Of  this,  however,  the  author  is  not  quite 
certain. 

^he  height  of  the  calyx  is,  on  an  average,  0*014  mm.  The 
organism  is  attached  to  the  base  of  it  by  means  of  a  thread 
springing  from  the  hinder  end  of  the  body ;  it  is  this  thread 
which  Clark  rightly  compares  with  the  hinder  flagellum  of 
many  heterotrich  Flagellata,  as,  for  instance,  many  forms  of 
Cercomonas.  The  contractile  vacuole  is  a  little  distance 
rom  the  point  of  origin  of  this  thread  of  attachment.  The 
fflagellum,  of  considerable  length,  springs  from  the  anterior 
end  and  stands  out  straight  from  the  body  when  it  is  in  its 
usual  state  of  rest  (fig.  12,  c).  The  extreme  end  alone 
vibrates  or  bends  at  this  time,  throwing  the  minute  particles 
of  food  with  considerable  force  against  the  beak-like  pro- 
minence. When,  however,  the  organism  is  retracted  into  its 
case  the  flagellum  is  rolled  up  (fig.  12,  b)  so  that  it  is  pro- 
tected by  the  case. 

The  lip-  or  beak-like  prominence  for  the  reception  of  food 
is  very  noticeable,  and  appears  to  resemble  most  nearly  the 
one  found  in  Antophysa.  It  is  seen,  by  observing  it  in  dif- 
ferent positions,  to  be  strictly  a  leaf-like  broadened  prolonga- 
tion (fig.  12,  c  and  d).  A  vacuole  formed  before  the  ingestion 
of  food  has  never  been  observed,  but  one  is  produced  as  soon 
as  a  small  particle  of  food  has  been  thrown  between  this 
prominence  and  the  base  of  the  flagellum.  The  vacuole  so 
formed  takes  in  the  food  and  distributes  it  in  the  body. 
Clark  placed  the  mouth  at  this  spot,  although,  there  is  no 
doubt,  that  no  such  orifice  exists  preformed  for  the  reception 
of  food,  but  only  that  a  particular  spot  on  the  surface  of  the 
body  is  set  aside  for  this  purpose.  Clark  has  observed  that 
the  food  remains  are  extruded  a  little  above  the  spot  at 
which  the  food  is  ingested,  but  the  author  has  not  yet 
followed  out  the  act  oi  defsecation. 

Nothing  is  noticeable  in  the  body  proper  of  the  organism. 
Clark,  however,  has  observed  in  the  two  species  of  this  genus 
which  he  examined,  a  furrow  extending  along  the  whole 
length  of  the  body,  beginning  at  the  base  of  the  flagellum, 
and  traceable  to  the  point  of  origin  of  the  posterior  thread  of 
attachment.  He  believes  that  this  groove  is  distinguishable 
by  a  peculiar  contractility.  The  body  itself  is  possessed  of 
a  certain  contractility,  as  it  has  been  seen  to  become  spherical 
without  the  aid  of  the  posterior  thread.     The  nucleus  has 
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Dot  been  observed  by  the  author,  although  he  does  not  doubt 
but  that  it  is  present. 

The  process  of  reproduction  has  not  been  followed,  but  it 
almost  certainly  increases  by  fission,  like  its  fellows.  In  the 
formation  of  a  colony  one  of  the  young  buds,  as  in  the  case 
of  Dinobryon,  settles  upon  the  rim  of  the  old  calyx,  and 
builds  there  a  new  case  for  itself;  and  in  this  way  from  a 
single  one  arise  the  compound  trees  of  a  great  number  of  indi- 
viduals. Clark  has  found  a  second  variety  of  this  species, 
Bico8€Bca  gracilis  ;  it  is  a  marine  form. 

The  Stylobryon  itmgnis  of  FromenteP  forms  definitely  a 
third  kind,  which  differs  chiefly  from  Bicosceca  Ictcustris  in 
the  fact  that  each  calyx  of  the  colony  possesses  its  own  very 
long  stem  ;  this  form  stands  somewhat  in  the  same  relation 
to  Bico8€Bca  lactistris  as  Dinobryon  petiolatum  Duj.  to  the 
ordinary  Dinobryon  sertularia. 

DinobryOIli  Ehrbg  (^Die  Infusionsthiere  als  vollkom- 
mene  organismen/  Leipzig,  1838,  p.  1S4). 

Dinobryon  setularia,  Ebrenberg  (op.  cit.,  p.  1S4,  pi. 
vii,  fig.  8). 

jDtwoiryon,  Dujardin  ('  HistoireNat.  des  infusoires,*  Paris, 
1841,p.  821,pl.  i,fig.  2). 

Dinobryon^  Perty  (*  Zur  Kenntniss  kleinster  Lebens- 
formen  nach  Bau,  Function,  Systematik,'  &c.,  p.  178). 

Dinobryon,  Clapardde  and  Lachmann  {^'Etindes  sur  les 
Infusoires,'  p.  66,  pi.  xii,  fig.  66). 

Dinobryon,  Promentel  E.  de  ('  iStudes  sur  les  Microzoaires,' 
Paris,  p.  886,  pi.  xxvi,  fig.  1). 

Of  this  beautiful  form  Biitschli  states  that  he  has  found 
only  free  swimming  colonies  (Plate  vi,  fig.  18).  The 
vase-like  case  of  the  individual  organisms  calls  to  mind 
the  very  similar  cases  in  Bicosoeca  and  Salpingoeca,  whilst 
the  grouping  of  the  individuals  to  form  a  colony  is  just  like 
the  arrangement  in  Bicosaca  lacustris.  The  young  calyces 
also  grow  from  the  inner  side  of  the  free  edges  of  the  old 
forms,  generally  single  but  occasionally  double.  The  or- 
ganisms are  of  a  yellowish-brown  or  green  colour,  the  colours 
proceeding,  as  in  many  coloured  Flagellata,  from  two  pigment 
discs,  which  are  placed  side  by  side  on  the  colourless  proto- 
plasm of  the  body  (fig.  18  a  and  18b).  Of  these  discs  one  is 
generally  the  longer,  and  extends  further  forward  than  the 
other.  Ehrenberg noticed  thatthe  smallinhabitantsof  thecases 
were  very  contractile ;  from  the  anterior  end  springs  a  rather 

>  Op.  cit.,  p.  336,  pi.  ix,  figs.  12—14 ;  pi.  xxvi,  ^,  8. 


Digiti 


zed  by  Google 


FLAGELLATE  INFUSORIA  AND  ALLIED  ORGANISMS.  79 

long  flagellum  of  even  thickness  throughout;  it  generally 
moves  along  its  whole  length  with  a  serpentine,  less  fre- 
quently vnth  a  rolling,  motion.  The  author  has  noticed  a 
small  accessory  flagellum  close  to  the  flagellum  kno^vn  to 
Ehrenberg.  The  accessory  flagellum  is  generally  at  rest  in 
an  extended  condition.  Biitschli  also  believes  that  he 
has  seen  a  delicate  thread  arising  from  the  posterior  end  of 
the  body,  and  attaching  it  to  the  base  of  the  case.  The  eye- 
spot  lies  close  to  the  base  of  the  flagellum,  whilst  the  two 
contractile  vacuoles  are  close  to  each  other  at  the  hinder 
portion  of  the  anterior  third  of  the  body ;  the  contraction  of 
these  vacuoles  is  quick  and  sudden.  Focke^  was  the  first  to 
recognise  a  single  contractile  vacuole  in  these  organisms, 
and  after  him  Claparede  described  and  figured  them.  No 
nucleus  was  observed  by  Biitschli,  as  the  little  free-swimming 
colonies  are  difficult  to  treat  with  reagents.  Occasionally  a 
group  of  small  granules,  of  high  refractive  index  were  ob- 
served in  the  hinder  third  of  the  body  ;  it  cannot  be  decided 
whether  the  minute  organisms  take  solid  food.  Fromentel 
has  lately  described  a  dark  cytostome  at  the  base  of  the 
flagellum ;  he  appears  to  have  mistaken  the  eyespot  in  this 
way. 

As  regards  the  formation  of  a  colony,  the  following  points 
are  noticed  by  Biitschli : — The  colony  is  doubtless  formed  by 
fission  of  the  organisms  in  their  cases,  but  the  actual  fission 
has  not  yet  been  followed  out.  Calices  have,  however,  been 
seen,  which,  in  addition  to  an  individual  situated  at  the 
bottom,  have  a  second  caseless  form  placed  at  the  month  of  the 
calyx  (fig.  13  b).  It  appears  to  be  proved  that  these  two 
individuals  have  proceeded  from  the  fission  of  the  previous 
inhabitant  of  the  calyx,  since  each  contains  only  a  single 
pigmented  disc,  whilst  the  anterior  one  alone  possesses  an 
eyespot.  Carter  has  observed  a  somewhat  similar  phenomena 
in  the  fission  of  his  Eughna  agilis  in  its  encysted  state,  for  the 
hinder  product  of  division  is  in  the  same  way  devoid  of  an 
eyespot.  The  anterior  organism,  in  a  more  advanced  stage, 
is  attached  to  the  mouth  of  the  calyx  by  its  posterior  pointed 
extremity,  and  then  a  small  calyx  forms  round  its  hinder 
half. 

A  large  cyst  (fig.  13,  a,  c)  has  been  seen  at  the  mouth 
of  an  empty  calyx ;  it  consisted  most  exteriorly  of  a  coarse 
sheath  containing  a  smaller  excentric  sheath ;  this  in  turn 
was  filled  with  a  protoplasmic  contents  and  the  two  charac- 
teristic   pigment   discs.     No  eyespot  was  visible,  but  the 

1  'Phjsiologische  Studien,'  Hfd.  2. 
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author  believes  that  these  cysts  bear  some  relation  to  Dino' 
Iryon  sertularia.  The  formation  of  the  two  sheaths  calls  to 
mind  the  condition  in  Nuclearia  simplex,  which  was  first 
observed  by  Cienkowski* 

TrepomonaSy  Dujardin  (f  Histoire  nat.  des  Infusoires/ 
Pari8,1841,  p.  294)/ 

Trepomonas  agilis,  Dujardin  (op.  cit.^  p.  S94,  pi.  iii^ 
fig.  14). 

Trepomonas  agilisy  Perty  (*  Zur  kenntniss  kleinster  Lebens- 
formen  nach  Bau,  Function^  Systematik/  &c.,  p.  171,  pi.  xiv, 

fig-  !«)• 

Trepomonas  agilis,  Fromentel   ('Etudes  sur  les  Micro- 

zoaires/  Paris,  p.  884,  pi.  xxvii,  fig.  16). 

Ort/m€Ba  vacctllanSj  Fresenius  {"  Beitrage  sur  Kenntniss 
kleinster  organismen/'  '  Abhl.  der  Senkenberf^^.  Geschellsch* 
zu  Frankfurt-a-M.,'  Bd.  ii,  pi.  x,  figs.  48,  49). 

This  is  one  of  the  most  interesting  of  the  Flagellate  forms ; 
it  is  tolerably  common  in  rather  dirty  water,  and  is  some- 
times found  in  immense  numbers  in  infusions.  The  organ- 
isms are  difficult  to  observe  properly,  on  account  of  their 
almost  constant  and  peculiar  screw-like  movement.  The  or- 
ganism is  oval  and  somewhat  flattened  (PI.  VI,  fig.  14,  a,  b,  c), 
the  hinder  end  is  generally  broader  in  a  noticeable  degree  than 
the  anterior.  The  long  sides  are  drawn  out  and  broadened 
into  delicate  wings,  which  are  bent  outwards  laterally,  in 
contrary  directions,  towards  the  broad  sides,  in  such  a  way 
that  the  transverse  section  of  the  body  presents  the  form  of 
an  S.  These  refiexed  expansions  are  small  and  feeble  at 
the  anterior  end  of  the  body,  increasing  gradually  as  they 
pass  backwards,  till  they  present  a  considerable  surface.  The 
flagella  are  always,  when  the  organism  is  observed  laterally, 
directed  obliquely  away  from  the  body  (fig.  14,  b).  In  a 
surface  view  from  above  (fig.  14,  a)  they  are  seen  to  be  bent 
in  such  a  way  as  to  correspond  with  the  screw-like  expan- 
sions, and  are  uniformly  thick  filaments.  As  a  result  of  this 
arrangement  of  the  flagella  the  little  organisms  move  through 
the  water  with  rapid  undulations,  the  screw-like  end  back- 
wards, and  the  flagella  in  front.  The  internal  arrangement 
of  these  little  living  screws  is  just  as  interesting  as  the 
external  formation.  Trepomonas  is  undoubtedly  an  animal 
Flagellate,  which   ingests   solid  nutriments,  although   the 

irecise  spot  at  which  it  is  taken  in  has  not  been  observed* 
'he  numerous  food  particles,  such  as  Bacteria,  enclosed  in 
the  very  clear  and  transparent  protoplasm,  leaves  no  doubt 
as  to  its  mode  of  nutrition.     The  author  has  been  unable  to 
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discover  the  mouth  lying  terminally^  according  to  Diesing's^ 
statement.  Very  interesting  are  the  active  movements  of  the 
protoplasm  to  be  observed  in  the  organism  at  rest.  These  cir 
cular  streamings^  which  are  recognised  by  the  rapid  displace- 
ments of  the  very  numerous  vacuoles  and  the  contained  par- 
ticles^ occur  regularly^  but  with  a  motion  which  is  sometimes 
slower^  and  sometimes  more  rapid^  whilst  often  the  direction  of 
the  stream  is  entirely  changed.  The  relation  of  the  contractile 
vacuole  is  also  interesting  (fig.  14^  c).  Here  and  there  in  the 
protoplasm  vacuoles  are  seen  to  circulate,  such  vacuoles,  re- 
markable for  their  size^  being  pushed  towards  the  screw-like 
posterior  end ;  after  some  time  they  contract.  This  condition 
of  the  vacuole  calls  to  mind  a  similar  one  in  various  Amoebae, 
e.g.  Anueba  gtittula,  Duj.,  Umax,  Auerb.,  and  others,  in 
which  the  vacuole,  after  being  formed  in  the  protoplasm  of 
the  body,  has  been  seen  to  contract  at  the  posterior  extremity 
of  the  moving  animal.  The  nucleus  is  best  seen  either  in  a 
dying  organism  or  in  one  lately  dead,  as  a  rounded,  pale 
body,  of  considerable  size,  in  which,  sometimes  but  not 
always,  a  small  clear  area  is  visible.  Its  position  is  constant 
at  the  anterior  extremity  of  the  body  (fig.  14,  c.)  and  fre- 
quently, instead  of  one  such  nucleus,  two  are  found  lying  close 
together.  Beproduction  is  by  transverse  fission,  according 
to  Perty,  but  the  author  is  doubtful  on  this  point. 

HexamitUBi  Dujardin  ('Histoire  nat.  des  Infusoires,' 
Paris,  1841,  p.  296,  pi.  iii,  fig.  16). 

Hexamitus  inflatus,  Dujardin  (op.  cit.,  p.  296). 

Dujardin  has  described  three  forms  of  this  characteristic 
genus^  which  he  has  called  Hexamita,  from  the  sex- 
tuple arrangement  of  the  flagella.  Of  these  forms  two,  Hex- 
amita nodosa  and  inflata,  are  found  in  foul  marsh  water, 
whilst  the  ^ixAy  Hexamita  intestinaUs/iB  parasitic  in  the  in- 
testine and  body  cavity  of  the  frog  and  newt.  Biitschli  is 
inclined  to  believe  that  these  are  only  two  varieties,  differing 
somewhat,  of  a  single  species,  which  are  most  nearly  related 
to  the  form  inflaUity  and  he  has  consequently  chosen  this 
name  for  both  the  forms.  The  Flagellata  in  question  were  only 
once  founds  and  that  in  foul  marsh  water ;  they  are  not 
very  common.  Their  appearance  is  somewhat  variable ;  they 
occurred  at  first  in  the  extended  form  (fig.  15,  a),  but  at  a 
later  period,  and  much  oftener,  they  were  found  as  short, 
rounded  organisms  (fig.  15,  b).  This  shape  appears  to  change 
very  easily,  since  such  a  form  as  fig.  15,  b,  lying  at  rest,  has 

^  '*  Revision  der  ProthelimntheD,'*  *  Sitsangsber.  d.  k.  Acad,  za  Wieu/ 
1865,  Bd.  Iii,  p.  323. 

VOL,  xix.«p*N«w  sm.  ' 
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been  seen  to  gradually  assume  an  active  condition,  and 
then  to  take  on  the  more  elongated  form.  Sometimes  the 
organisms  appear  to  have  such  power  of  change  that  their 
outline  becomes  irregular,  and  they  even  exhibit  amoeboid 
movements.  The  protoplasm  of  the  Hexamiti  is  very  clear 
and  transparent,  as  in  Trepomanas  agUis  and  Pyramimanaa 
desciisa.  In  the  first  form  there  are  some  interesting  agree- 
ments as  regards  the  relations  of  the  contractile  vacuoles. 
There  is  much  difficulty  in  determining  the  exact  number  of 
the  long  flagella,  but  Biitschli  believes  that  he  has  been  able^ 
from  observations  onliving  specimensas  well  as  on  those  killed 
by  treatment  with  chromic  acid  and  solution  of  iodine,  to  fix 
the  number  at  eight.  Of  these  eight  flagella  two  spring  from 
the  hinder  comer,  which  is  either  blunt  or  slightly  indented; 
as  Dujardin  has  observed,  these  two  flagella  are  drawn  along 
by  the  general  movement,  without  themselves  moving  to  any 
great  extent.  The  organisms  also  attach  themselves  for  a 
time  by  this  posterior  pair  of  flagella,  and  rotate  rapidly  on 
their  axes,  as  if  anchored.  In  addition  to  these,  three  flagella, 
the  active  agents  in  causing  motion,  arise  on  each  side  of 
the  body;  they  are  of  very  considerable  length.  The  pro- 
toplasm of  the  body  is  in  part  quite  free  from  granules,  and 
is,  therefore,  transparent ;  in  part,  however,  there  are  con- 
siderable numbers  of  granules  of  varying  size,  and  of  a  dark 
nature;  many  Hexamiti  also  contain  a  number  of  long,  very 
dark  and  shining  bodies  (flg.  15,  b),  which  sometimes  entirely 
fill  up  the  interior  of  the  organism,  occasionally  similar 
bodies,  of  a  dark  brown  colour,  are  visible.  No  investiga- 
tions into  the  chemical  nature  of  these  bodies  has  been  made, 
but  as  they  are  frequently  found  swimming  freely  in  the 
water,  which  is  inhabited  by  the  Hexamiti,  there  is  no  doubt 
that  the  latter  take  them  in  as  solid  food,  although  the  exact 
mode  is  still  unknown.  A  sinde  nucleus  has  often  been  clearly 
observed  about  the  centre  of  the  body  (fig.  15  a,  n) ;  it  is  of  the 
same  nature  as  in  Trepomonas  cigiUs.  A  contractile  vacuole 
is  situated  at  one  side  and  another  at  the  posterior  extremity 
(fig.  15,  a,  b).  After  the  contraction  the  following  curious 
phenomenon  occurs  during  the  re-formation.  An  elongated 
clear  space,  filled  with  fluid,  makes  its  appearance  near  the 
spot  where  the  previous  vacuole  disappeared;  this  space 
rapidly  becomes  round,  and  is  then  slowly  pushed  forwards 
through  the  body,  it  soon  turns  back  until  it  reaches  the  spot 
at  which  the  previous  vacuole  contracted ;  the  systole  then 
occurs.    Sometimes  the  new  vacuole  is  produced  before  the 

S stole  of  the  previous  one,  but  after  this  has  taken  place 
e  new  one  is  pushed  to  the  hinder  end,  where  it  contracts. 
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This  phenomenon  of  the  vacuole  presents  considerable  like- 
ness with  the  appearances  observed  in  Trepomonas.  The 
length  of  the  Hexamiti  was  about  0*01  to  0*0S  mm.  Fission 
alone  of  the  processes  of  reproduction  has  been  observed,  and 
that  not  in  detail. 

H^ranuxnonaSySchmarda  ('Neue  Formen  von  Infusioren; 
Denkschrift  der  k.  Acad.  d.  W.  zu  Wien.  M.  Naturwis- 
sensch.  Glasse/  6d.  i,  1850 ;  '  Abhandl.  von  Nichtmitglie- 
dem/  p.  9,  pi.  iii,  fig.  1). 

Teframitus,  Perty  ('  Zur  Kenntniss  kleinster  Lebens- 
formen,'  p.  170). 

Pyramimonas  descissa,  Perty  (op.  cit,  p.  170,  pi.  xiv, 
fig.  8). 

This  is,  again,  an  exceedingly  interesting  species,  of  which 
two  distinct  forms  appear  to  be  known,  the  one  described 
here,  the  other,  Tetramitus  rostratus,  of  Perty,^  which  has 
been  figured  by  Fresenius,'  without  further  description. 

PyramimotUM  descissa  is  a  small  organism  which  Biitschli 
has  only  once  found  in  any  quantity;  it  occurred  in  foul 
pond  water.  The  appearance  of  the  organism  is  elongated, 
and  is  rightly  described  by  Ferty  as  being  cone-shaped 
(PI.  VI,  fiff.  16,  a),  since  the  hinder  end  is  the  more  pointed, 
although  this  is  not  regular,  as  this  end  is  sometimes  quite 
round,  as  fig.  16,  b.  The  anterior  extremity  is  exceed- 
ingly typical,  for  it  is  sharply  oblique,  so  much  so,  indeed, 
that  the  oblique  surface  is  slightly  inclined  towards  the  axis 
of  the  organism  so  as  to  embrace  the  entire  anterior  extremity 
of  the  body.  The  oblique  surface  is  concave.  Anteriorly 
are  four  flagella,  of  which  the  posterior  is  the  shortest, 
whilst  the  most  anterior  is  the  longest.  By  means  of  these 
flagella  the  organism  rotates  rapidly  and  regularly,  and  con- 
sequently its  examination  is  attended  with  difficulty.  The 
very  clear  protoplasm  of  the  body  contains  numerous  dark 
granules,  which  give  the  impression  of  being  food  particles, 
since  they  are  in  many  cases  enclosed  in  large  vacuoles. 
That  such  is  actually  the  case  is  proved  bv  the  fact  of 
such  particles  having  been  seen  to  be  thrust  out  of 
the  body.  The  simple  contractile  vacuole  lies  at  the 
hinder  end  of  the  body  (fig.  16,  a,  and  b, «) ;  it  contracts 
rapidly  and  suddenly.  Two  small  and  fresh  vacuoles  appear 
before  the  systole  of  the  previous  vacuole  begins ;  after  this 

*  Op.  cit.,  pi.  xiv,  fig.  4. 


>  PL  X,  fig.  34,  36. 
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has  disappeared  these  two  coalesce  and  increase.  The  newly- 
formed  vacuoles  are  not  found  exactly  in  the  same  position^ 
but  they  appear  to  occur  alternately  on  each  side.  No 
nucleus  has  yet  been  seen  with  any  certainty.  Beproduction 
occurs^  according  to  Perty^  by  longitudinal  fission. 

ChilomonaSi  Ehrb.  ('Die  Infusionsthiere  als  vollkom- 
mene  organismen/  Leipzig,  1888,  p.  180). 

ChUomonaSy  Dujardin  ('  Hist.  nat.  des  Infusoires/  Paris, 
1841,  p.  1896). 

CryptomantM,  Perty  (p.  166). 
„  Ehrb.  (p.  2). 

Zygoselmis,  Fromentel  (p.  2). 

Moderately  elongated  Flagellata,  whose  anterior  end  is 
divided  into  two  lips>  between  which  is  a  distinct  cytostome 
(cell  mouth),  bounded  by  dark  and  closely-applied  walls 
which  run  far  into  the  body.  At  the  anterior  end  are  two 
fair-sized  flagella.  A  contractile  vacuole  is  present  in  the 
upper  lip^  whilst  a  large  nucleus  is  situated  posteriorly*  Be- 
production takes  place  by  longitudinal  fission. 

Chilomonas  paramecium,  Ehrb.  (op.  cit.,  p.  30,  pi.  ii, 
fig.  6). 

(?)  Cryptomonas  curvata,  Ehrb.  (p.  40,  pi.  ii,  fig.  16). 

(?)  „  cylindrica,  Ehrb.  (p.  42,  pi.  ii,  fig.  19). 

„  polymorphay  Perty  (p.  162,  pi.   xi,  fig. 

A— H.) 

Chilomonas  granulosa,  Dujardin  ('  Histoire  nat.  des  Infti- 
soires,'  Paris,  1841,  p.  295,  pi.  iii,  fig.  16). 

Chilomonas  Paramecium,  Ehrb.  (Schneider,  A.,  ^'Beitrage 
zur  Naturgesch.  der  Infusiorien,"  p.  199,  p.  ix,  fig,  26 ; 
'Arch.  f.  Anat.  und  Physiol.,'  1864). 

(?)  Chilomonas  ohliqua  (Duj.),  Fromentel  (p.  881,  pi.  xxiii, 
fig.  86). 

Zygoselmis  nehvlosa  (Duj.),  Fromentel  (p.  820,  pi.  xxiii, 
fig.  86). 

These  organisms  are  amongst  the  most  frequently  occur- 
ring Flagellata,  particularly  in  somewhat  foul  ponds  and  in 
infusions.  In  infusions,  however,  only  a  colourless  kind  are 
found,  generally  as  a  dark  variety  enclosing  a  great  number 
of  large  and  dark  granules — the  true  Chilomonas  parame- 
cium  of  Ehrenberg,  or  the  Chilomonas  granulosus  of  Du- 
jardin. The  brown  or  green  variety,  to  which  both  species 
of  Ehrenberg's  Cryptomonas  belong,  are  only  found  in  ponds. 

The    shape    of   the   organism   is    very  variable    (Plate 
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VI,  fig.  17^  a,  c),  as  the  end  which  is  devoid  of  flagella 
is  sometimes  pointed^  sometimes  rounded^  and  sometimes 
is  bent  into  a  sharp  hook-shape,  and  again,  may  be 
without  any  such  bend.  The  colourless  examples  from  in- 
fusions are  generally  small,  about  0*022  mm.,  whilst  the 
brown  forms  from  the  ponds  are,  for  the  most  part,  propor- 
tionately very  large,  attaining  a  length  of  0*049  mm. ;  others, 
however,  only  attain  a  length  of  0*015  mm.,  and  conse- 
quently, are  very  small.  There  is  so  little  variety  amongst 
them,  that  the  author  believes,  with  Perty,  that  they  are  all 
of  one  species.  The  anterior  end  is  considerably  wider  than 
the  posterior,  and  the  lip  is  well  marked,  although  it  is  so 
far  back  that  the  cleft  shows  but  little  at  the  anterior  end. 
The  two  flagella  in  front  are  of  equal  length  and  strength. 
The  strength  of  the  flagella  is  considerable  and  does  not 
lessen  towards  the  end.  The  deportment  of  these  flagella 
during  the  state  of  rest  is  very  peculiar,  for  the  organisms 
frequently  tuck  them  in,  rest  ror  a  considerable  time,  and 
then  make  them  suddenly  revolve  with  great  rapidity.  The 
two  flagella  frequently  assume  during  the  resting  state  the 
positions  shown  in  fig,  17,  c,  but  they  are  also  frequently 
seen  in  very  cramped  positions.  The  point  of  origin  of  the 
two  flagella  is  not  accurately  determined,  but  they  appear 
to  arise  at  some  distance  from  each  other,  probably  one  nrom 
the  upper  and  the  other  from  the  lower  lip,  as  is  figured  in 
fig.  17,  c.  The  cjrtostome  (mouth  opening)  is  situated 
between  the  two  lips.  It  leads  into  a  short  tube  which 
is  quite  transparent,  and  which  is  bounded  by  thin  walls ; 
this  leads  into  the  gullet  provided  with  thick  and  dark  walls 
(fig.  17,  a,  and  c,  ce).  This  cavity,  as  seen  fi^m  the  surface, 
appears  to  be  striped  longitudinally  as  well  as  transversely, 
so  that  a.  knotted  appearance  is  seen  at  the  points  where  the 
two  systems  cross  each  other ;  the  walls,  therefore,  in  optical 
section,  appear  to  be  knotted  (fig.  17,  a).  The  substance  of 
which  these  walls  are  composed  seems  to  be  thickened  pro- 
toplasm, because  they  do  not  remain  after  the  death  of  the 
animal^  but  are  destroyed.  The  ingestion  of  food  has  not 
been  satisfactorily  followed  out,  but  they  appear  to  take  in 
food  in  the  same  way  as  do  the  other  Flagellata. 

The  contractile  vacuole  is  situated  in  the  upper  lip,  where 
it  is  easily  visible ;  the  contractions  occurring  but  slowly, 
it  requires  attention  to  observe  them ;  this,  however.  Stein 
has  accomplished.^ 

In  the  coloured  varieties,  the  pigment  is  by  no  means 

^  Fr.  Stein,  'Die  infosionsthiere  auf  ihre  Entwickeliuigsgeschichte 
nntenacbt./  Leipzig,  1854,  i,  p.  91. 
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evenly  distributed  throughout  the  body,  but,  aa  in  other 
coloured  Fla^ellata,  there  are  found  two  pigment  discs  of 
moderate  thickness  (fig.  17,  a).  These  discs  lie  close 
below  the  surface  of  the  body,  and  are  so  closely  approxi- 
mated along  the  shorter  and  longer  sides  of  the  body  that 
only  a  small  light  space  separates  them  (fig.  17,  b.) 

The  vesicular  nucleus,  with  its  large  inner  bodv,  lies  at 
the  anterior  boundary  of  the  posterior  third  of  the  body ;  in 
dead  specimens  a  thickened  wall  may  be  seen  surrounding 
the  vesicle  of  the  nucleus.  The  granules,  which  lie  in  a 
double  row  in  the  interior  of  the  body,  consist  mainly  of 
starch,  as  has  been  already  shown  by  Schneider,  although 
many  do  not  contain  this  substance.  Iodine  causes  a  blue 
colouration  in  the  starch  granules,  which  disappears  on  the 
addition  of  concentrated  sulphuric  acid,  although  there  still 
remains  a  considerable  number  of  yellowish  or  radish-brown 
corpuscles.  Sometimes  in  old  specimens,  starch  appears  to 
be  absent,  and  only  a  few  small  granules  of  high  refiractive 
index  fare  present.  In  such  cases  the  protoplasm  of  the 
body  is  crowded  with  vacuoles,  so  that  it  appears  to  be 
hollow  and  alveolar,  without  resulting  injury  to  the 
organism.  One  very  remarkable  observation  has  been 
made  by  Biitschli.  After  treatment  with  acetic  acid  of 
1  per  cent*  the  appearance  seen  in  fig.  17  g  was  obtained. 
A  number  of  fine  rays  shot  out  from  the  dead  animal  in  all 
directions,  so  that  the  appearance  was  like  that  of  a  Para- 
mecium, in  which  all  the  trichocysts  have  been  extruded. 
Amongst  the  rays  were  here  and  there  entangled  a  few 
granukr  masses.  The  author  puts  forward,  as  an  explana- 
tion of  this  phenomenon,  that  the  organisms  have  an  arrange- 
ment which  is  similar  to  the  trichocysts  of  the  Giliata, 
qualifying  this,  however,  by  the  statement  that  no  such 
formation  has  yet  been  observed  in  the  living  organism.  The 
animals  are  very  sensitive,  and  have  been  observed  to  die 
rapidly  under  the  cover  glass ;  their  bodies  becoming  rounder 
and  rounder,  and  finally  collapsing.  Reproduction  by  longi- 
tudinal fission  has  as  yet  been  alone  observed,  as  seen  in 
(fig.  17,  d  and  f).  In  the  single  case  observed  by  the 
author,  the  flagella  of  the  daughter  individuals  were  present 
before  the  pinching  off  occurred,  without  their  origin  being 
traced.  The  constriction  occurs  tolerably  evenlv  along  the 
whole  surface  of  the  body  (fig.  17,  d),  but  probably  some- 
what earlier  at  the  posterior  extremity,  since  the  products  of 
division  remain  joined  for  the  longest  period  at  the  centre 
of  the  body.  In  the  pinched-off  portion  of  the  body,  which 
is  tolerably  transparent  (fig.  17,  d),  ar§  ft  number  of  dark 
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lines  running  transversely;  these  appear  as  if  the  dark 
granules  of  Ghilomonas  had  been  elongated^  although  this 
cannot  be  proved.  These  transverse  stripes  are  seen  more 
distinctly  in  fig.  17^  e.  The  pinching-in  proceeds  very 
rapidly  in  a  forward  direction^  so  that  in  a  few  minutes  the 
two  organisms  are  only  attached  to  each  other  by  a  very 
delicate  thready  situated  somewhat  above  the  centre  of  the 
body  (fig.  17,  f).  This  thread  then  breaks,  and  the  result- 
ing organisms  are  free.  The  relations  of  the  nucleus  and 
contractile  vacuole  at  the  time  of  fission  were  obscured  by 
the  movement  of  the  organism  apd  the  opaqueness  of  the 
protoplasm. 

Astasia,  Ehrenberg  (' Poggendorf  s  Annalen,'  18S0,  p. 

508). 

Trachelitis,  Ehrenberg  (f  Die  Infusionsthiere  als  voUkom- 
mene  organismen,'  Leipzig,  1888,  p.  820). 

Peranema,  Dujardin  ('  Hist.  Nat.  des  Infusoires,'  1841,  p. 
862). 

AsUma,  Dujardin  (op.  cit.,  p.  856). 

Pyronema  (i)uj.),  Diesing  ('  Bevision  der  Prothelminthen 
Sitzungsbericht.  d.  k.  Acad,  zu  Wien,'  1865,  Bd.  iii,  p.  827). 

There  is  some  doubt  as  to  the  classificatory  position  of 
these  organisms,  of  which  there  appear  to  be  three  species. 
Peranema  and  Astasia  differ  from  each  other  in  that  the 
former  has  a  rounded  extremity,  whilst  the  latter  has  a  tail- 
like and  pointed  posterior  end,  but  this  difference  is  of 
slight  importance,  since  the  forms  are  exceedingly  variable. 
Both  Peranema  and  Astasia  have  the  mouth  situated  ter- 
minally, whilst  in  Pyronema  it  is  ventral. 

Astasia  trichophora,  Ehrenberg. 

(9)  TracheliuB  trichophorus,  Ehrenberg  (^Abhandl.  d.Ak. 
d.  W.  zu  Berlin,'  1830,  pp.  54,  65,  70;  and  *  Die  infusions- 
thiere als  vollkommene  organismen,'  Leipzig,  1888,  pi.  xxxiii, 
fig.  11). 

Peranemaprotracta,  Dujardin  ('  Hist.  Nat.  des  Infusoires,* 
Paris,  1841,  p.  854). 

Peranema  protractum,  (Duj.),  Perty  ('Zur  kenntniss 
kleinster  Lebensformen  nach  Bau,  &c.,'  p.  108). 

(?)  Astasia  limpida,  Dujardin  (op.  cit.,  p.  857,  pi.  v,  fig. 
12). 

Astasia  limpida  (Duj.),  Carter  (''Notes  on  the  Freshwater 
Infusoria  of  the  Island  of  Bombay,"  '  Ann.  and  Mag.  of  Nat^ 
Hist.,*  2nd  ser.,  vol.  xviii,  p.  115,  pi.  vi,  figs,  45 — 48). 
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Asitzsia  trichophora,  Clapardde  ('  Etudes  sur  les  Infusoires/ 
pp.  41—846). 

Astasia  trichophora^  Clark  ('  Aun.  and  Mag.  Nat.  Hist.^' 
4th  ser.,  vol.  i,  p.  250,  pi.  vi,  fig.  46). 

These  organisms  appear  undoubtedly  to  possess  a  mouth; 
PL  vi,  fig.  18^  a,  represents  a  specimen  which  measures  across 
the  centre  0*05  mm.  The  form  is  very  variable^  owing  to 
the  capability  of  energetic  contraction  possessed  by  the  body; 
apparently  due  to  the  partial  contraction  of  the  outer  layer. 
These  layers  are  usually  arranged  in  rings  round  the  body, 
so  that  in  individual  zones  there  is  at  one  line  an  increase^ 
and  at  another  a  decrease  in  size,  and  in  consequence  the 
whole  either  elongates  or  contracts*  The  greatest  amount 
of  contraction  causes  the  body  to  assume  an  almost  spherical 
shape.  In  large  specimens  the  author  has  observed  a  fine  and 
delicate  spiral  striping  of  the  outer  layer  of  the  body  surface, 
resembling  the  condition  seen  in  Eugiena  viridis.  The  anterior 
end  of  the  body  which  carries  the  flagellum,  is  generally  some- 
what narrowed,  and  is  sharply  truncate ;  the  animal  moves 
slowly,  with  a  sliding  and  tolerably  constant  motion.  The 
flagellum  is  considerably  larger  than  the  body  when  extended 
to  the  fuU;  it  is  carried  quite  straight  and  fixed,  and  the 
extremity  alone  performs  vibrating  movements.  Specimens 
with  no  flagella  are  occasionally  met  with ;  in  such  cases 
movement  is  effected  as  in  Euglense  with  no  flagella,  by 
the  contractility  of  the  body;  such  organisms  are  probably 
in  the  act  of  becoming  encysted.  The  posterior  end  is  gene- 
rally rounded  and  is  never  pointed,  as  described  by  Clark. 
The  author  is  also  unable  to  verify  Clark's  description  of  an 
eyespot. 

The  mouth  apparatus^  of  which  it  is  not  easy  to  give  an 
account,  is  situated  at  a  short  distance  behind  the  base  of 
the  flagellum.  A  thick  dark  band  is  seen  upon  one  of  the 
flat  surfaces  of  the  body,  not  far  from  the  base  of  the  flagel- 
lum (fig.  18,  a),  which  can  be  traced  backwards  for  a 
longer  or  shorter  space,  becoming  gradually  narrower, 
till  it  ultimately  disappears.  This  band  has  been  seen  to 
consist  of  two  lines,  lying  so  close  to  each  other  as  to  appear 
as  a  nearly  closed  tube  when  seen  in  optical  section.  At 
the  front  end  of  the  band  a  transparent  circle  is  often  seen, 
together  with  one  or  two  delicate  streaks  which  run  off  to 
the  base  of  the  flagellum  (fig.  18,  a).  The  posterior 
double  stripe  will,  upon  this  hypothesis,  be  the  walls  of 
what  is  usually  a  closed  oesophagus,  which  arises  from  a 
chink-like  cytostome  situated  between  the  anterior  end  of 
this  band  and  the  base  of  the  flagellum.   The  mode  in  which 
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food  is  invested  gives  strength  to  this  theory^  for  Astasia  tri' 
chophoranhs  been  seen  to  swallow  large  spherical  bodies 
(fig.  18>  h)  of  unknown  nature.  The  portion  of  the  body 
close  behind  the  base  of  the  flagellum^  where  the  slit-like 
cytostome  is  situated  becomes  funnel-shaped^  and  surrounds 
the  food  to  be  ingested.  In  this  funnel  is  seen  a  transparent 
tube  of  considerable  size^  whose  walls  appear  in  optical  sec- 
tion as  delicate .  bands ;  this  tube  leads  backwards^  and  is 
the  oesophagus  distended  for  the  reception  of  food ;  along  it 
the  food  materials  pass,  without  any  assistance  from  the 
flagellum,  into  the  interior  of  the  body.  Stein  has  observed 
the  expulsion  of  food  remains  from  the  posterior  end  of  the 
body.  The  contractile  vacuole  is  at  the  anterior  end  close 
to  the  oesophagus.  The  contraction  is  rapid  and  very  sudden^ 
according  to  Clark.  After  the  contraction  several  small 
vacuoles  appear^  which  coalesce  to  form  the  new  vacuole. 
In  one  specimen  an  elongated  space  filled  with  fluid  made 
its  appearance^  after  the  contraction  oi^the  vacuole^  near  one 
or  two  small  vacuoles  in  the  position  of  the  old  one ;  the 
small  vacuoles  which  ultimately  coalesced  appeared  to  fuse 
with  this  space.  The  large  vesicular  nucleus^  with  dark 
inner  bodies^  lies  near  or  somewhat  behind  the  middle  of 
the  organism.  Within  the  protoplasm  of  the  body  is  seen  the 
food^  which  is  not  enclosed  in  vacuoles.  Peculiar  reddish- 
brown  bodies  are  also  present^  as  also  brownish  or  brownish- 
green  granules  of  secretion.  These  granules  are  either  scat- 
tered throughout  the  protoplasm^  or  they  are  collected  chiefly 
in  the  posterior  portion  of  the  body.  They  closely  resemble 
in  their  very  characteristic  appearance  the  secreted  granules 
met  with  in  the  Ciliata  and  in  Amoebae^  and  are  remarkable 
for  their  peculiar  brownish-green^  olive-like  pigment^  and  in 
Amoebse  for  their  clearly  crystalline  form.  The  form  of  the 
crystals,  as  well  as  their  reactions^  show  that  oxalate  of  lime 
is  present. 

A]li80n6ma>  Dujardin  (^Hist  Nat.  des  Infusoires/ 
p.  844). 

Bodo,  Ehrenberg  ('Die  infusionsthiere  als  vollkommene 
organismen/  Leipzig,  1868,  p.  84). 

Heteromita,  Dujardin  (op.  cit.,  p.  297). 

(p  Heteronemay  Dujardin  (op.  cit.,  p.  870). 

These  organisms  possess  two  flagella,  situated  at  the  an- 
terior extremity,  which  are  sharply  difierentiated  from  each 
other  by  their  different  conduct  in  motion.  The  shorter  fla- 
gellum,  which  springs  from  the  anterior  wall  in  advance  of 
the  other,  is  the  one  by  the  vibrations  of  which  alone  tl^e 
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forward  movement  is  effected.  The  larger  flagellum  rising 
somewhat  further  behind  is  directed  backwards  by  the  move- 
ment,  and  so  it  often  simply  trails  till  it  attaches  itself^  and 
then^  by  its  rapid  bending  movements,  it  throws  the  body 
backwards  and  forwards,  but  chiefly  backwards,  upon  the 
same  spot.  It  is  this  flagellum  to  which  Clark,  in  contrast 
to  the  first  one,  has  applied  the  term  '^  gubernaculum/' 

An  integument  is  present,  which  has  been  investigated, 
with  a  view  to  separating  the  three  genera  included  here 
under  one  name.  Forms  of  unvarying  shape,  the  surfitce 
of  which  did  not  appear  to  be  of  a  sticky  nature,  so 
that  foreign  bodies  adhered  to  it,  were  considered  as  being 
provided  with  a  firmly  resisting  integument,  or  a  coat  of 
mail,  and  were  placed  in  the  genus  Anisonema ;  whilst  on  the 
other  hand  the  genus  Heretomita  was  recognised  by  the 
absence  of  such  an  integument.  Mobile  forms,  such  as 
Euglena  and  Astasia,  are  distinguished  by  the  possession  of  a 
contractile  integuments  and  this  character  serves  also  to  dif- 
ferentiate the  genus  Heteronema. 

As  numerous  Euglena-like  organisms  are  known  to  possess 
a  very  resisting  and  cuticle-like  covering,  so  it  is  possible 
that  this  character  sharply  differentiates  in  some  degree  the 

5 onus  Heretomita.    On  this  account  the  author  has  had  some 
esitation  in  associating  Heteromita  of  Dujardin  with  the 
organisms  now  described. 

Anisonema  acinus,  Dujardin  (^Hist.  Nat.  des  Infu- 
soires,'  Paris,  1841,  p.  846,  pi.  iv,  fig.  27). 

(?)  Heretomita  otata^  Dujardin  (op.  cit.,  p.  398). 

Anxeonema  concavum,  Clark  (^  Ann.  and  Mag.  Nat.  Hist./ 
4th  ser.,  vol.  i,  p.  254,  pi.  vii,  figs.  66 — 69). 

Heteromita  craesa,  Fromentel  (^£tudes  sur  les  Micro- 
zoaires,'  Paris,  p.  386,  pi.  xxiii,  fig.  16). 

Diplomita  insignis,  Fromentel  (op.  cit.,  p.  886,  pi.  xxxiii, 
fig.  87). 

This  is  a  somewhat  flattened  organism;  the  ventral 
surface,  upon  which  it  generally  advances,  appears  hollowed 
so  as  to  be  slightly  concave,  whilst  the  dorsal  surface  is  cor- 
respondingly convex.  The  outline  of  the  broad  sides  is 
nearly  ovfd,  and:  usually  the  hinder  part  is  somewhat  broader 
than  the  anterior,  which  is  somewhat  pointed,  although— as 
a  comparison  of  fig.  19  a  with  19  c  will  show — there  is  no  rule 
in  regard  to  this.  The  small  flagellum  causing  movement 
arises  from  the  most  anterior  point  of  the  organism.  The 
concavity  of  the  ventral  surface  is  not  quite  in  the  centre ; 
but   extends  somewhat  lower  on  the   right  side   by  the 
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wall  of  which  it  is  limited.  The  arched  fonn  extends  round 
to  the  anterior  wall,  and  then  disappears  at  the  point  of 
insertion  of  the  posterior  flagellum.  This  flagellum  arises 
somewhat  to  the  left  of  the  middle  line,  like  the  cytostome 
(cell  mouth),  and  runs  along  the  inner  side  of  the  arch  in  a 
curve  to  the  anterior  extremity,  round  the  cytostome,  and 
backwards  along  the  right  side  of  the  ventral  surface. 

Somewhat  behind  the  point  of  insertion  of  the  posterior 
flagellum,  and  on  the  left  side,  is  the  contractile  vacuole 
(fig.  19  a,  v).  The  mouth  apparatus  is  seen  on  the  inside  of 
the  portion  bounded  by  the  anterior  curved  part  of  the  pos- 
terior flagellum  as  a  tube-like  structure,  which  does  not 
extend  very  far  back.  The  nucleus  is  seen  without  difficulty, 
as  an  oval  tolerably  large  body,  at  the  posterior  end  of  the 
organism  on  the  right  wall  of  the  body.  It  differs  somewhat 
from  the  nuclei  of  the  Flagellata  which  have  yet  been  de- 
scribed, approaching  more  nearly  to  the  nucleus  of  the 
Ciliata,  as  it  exhibits  granular  bodies  as  dark  as  the  sur- 
rounding protoplasm.  In  the  protoplasm  itself  are  seen  a 
greater  or  less  number  of  secreted  granules,  as  in  Astasia, 
which  are  chiefly  aggregated  at  the  posterior  end  of  the  body. 
Nothing  has  been  observed  by  the  author  in  relation  to  the 
reproduction,  although  multiplication  undoubtedly  proceeds 
by  longitudinal  fission. 

Anisonema  sulcatum,  Dujardin  ('Hist.  Nat.  des  Infu- 
soires,'  Paris,  1841,  p.  846,  pi.  iv,  fig.  28). 

Bodo  (?)  grandis,  Ehrenberg. 

Anisonema  sulcatum,  Perty  ('Zur  kenntniss  kleinster 
Lebensformen,'  p.  164). 

These  organisms  are  tolerably  common,  measuring  0*02 
mm.,  and  being  of  a  distinctly  oval  form  (fig.  20  a) ;  they  are 
not  quite  so  much  flattened  as  is  Anisonema  acinus.  The 
peculiar  flattened  ventral  surface,  which  was  described  in 
the  previous  form,  is  here  wanting.  The  posterior  flagellum 
runs  directly  backwards  without  describing  the  peculiar  curve 
at  the  anterior  end.  The  anterior  small  flagellum  which 
causes  motion  arises  usually  from  a  distinct,  but  sometimes 
from  a  somewhat  obscure,  notch  at  the  anterior  end,  some- 
what to  the  left  of  the  middle  line.  The  long  posterior 
flagellum  is  inserted  a  short  distance  behind  upon  the  ventral 
surface,  at  exactly  the  same  point  as  in  the  preceding  species. 
This  species  attains  to  nothing  like  the  size  of  the  preceding. 
The  mouth  apparatus,  commencing  at  the  most  anterior  point 
of  the  body,  runs  backwards  exactly  in  the  middle  line;  it  is 
distinctly  tube-like,  becoming  gradually  smaller  towards  the 
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posterior  end  until  it  reaches  the  hinder  third  of  the  body. 
Biitschli's  hypothesis  is  that  this  apparatus  is  nothing  but  an 
oesophagus^  which^  beginning  at  the  anterior  lip-like  end  of 
the  body,  sinks  into  the  body.  The  ingestion  of  food  has 
not  been  watched.  Both  the  dorsal  and  ventral  surfaces  are 
more  or  less  distinctly  ribbed  longitudinally,  but  this  is 
sometimes  scarcely  perceptible. 

The  contractile  vacuole  is  in  exactly  the  same  position  at 
the  base  of  the  flagellum,  as  in  the  preceding  species.  The 
nucleus  lies  on  the  same  side  of  the  body,  somewhat  towards 
the  centre ;  it  possesses  the  structure  that  is  usual  amongst 
FlageUata,  viz.  the  vesicular,  with  a  large  dark  inner 
body.  A  considerable  number  of  secretion  granules  is 
found  in  the  body  protoplasm,  in  addition  to  the  food  ele- 
ments. A  considerable  number  of  observations  have  been 
made  on  these  organisms  in  relation  to  the  process  of  fission. 
Individuals  which  are  preparing  to  undergo  this  process 
show  the  longitudinal  banding  much  better  and  more  clearly 
than  is  the  case  in  ordinary  specimens,  in  which  there  is 
often  no  trace  of  this  ribbed  appearance,  although,  as 
already  remarked,  it  appears  very  clearly  during  the  fission 
(fig.  20  b). 

The  earliest  condition  of  division  which  the  author  has 
observed  shows  the  flagella  for  both  the  young  forms  in  full 
perfection,  close  to  each  other,  at  the  anterior  end  of  the 
somewhat  compressed  organism  (fig.  20  b).  The  method  of 
the  formation  of  these  flagella  was  not  followed  out,  but,  so 
far  as  is  known,  it  does  not  appear  to  occur  in  the  way 
described  by  Dallinger  and  Drysdale^  for  a  very  much 
smaller  Flagellate,  0*0085  mm.,  of  Anisonema-like  form.  The 
pair  of  contractile  vacuoles  for  the  two  ofipring  are  present 
before  the  constriction  of  the  body  takes  place,  and  this 
remark  should  apply  also  to  the  mouth  apparatus,  but  on 
this  point  observations  are  wanting.  The  actual  longitu* 
dinal  division  of  the  body  of  Anisonema  occurs  in  a  one- 
sided way,  for  the  constriction  between  the  flagella  begins 
at  the  anterior  boundary,  and  gradually  pinches  through 
the  body  backwards,  without  any  constriction  occurring 
from  behind  (fig.  20  c — f ).  Finally,  the  two  young  off- 
spring hang  together  by  their  posterior  ends  only  by  a 
delicate  thread,  which  is  ultimately  broken  through.  After 
treatment  of  one  of  these  dividing  organisms  with  dilute 
acetic  acid  the  condition  of  the  nucleus  is  rendered  visible. 

1  **  ITarther  Researches  on  the  Life-histoiy  of  the  Monads/'  *  Month 
Micros.  Jooni./  1873,  YoL  ^  p.  245. 
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Shortly  before  or  at  the  instant  of  appearance  of  the  mark  of 
fission  the  nucleus  appears  band-like  and  elongated  across 
the  body  of  the  organism  (fig.  SO  c).  There  also  appears  to 
be  a  lonffitudinally-striped  difiS^rentiation  of  the  inner  sub- 
stance of  the  nucleus^  and  a  swelling  of  this  stripe  into  knot- 
like thickenings  is  to  be  clearly  seen  at  one  of  their  ends. 
After  the  fission  had  made  some  progress  the  nucleus  thinned 
in  the  middle^  the  ends  became  swollen^  and  in  each  a  dis- 
tinct inner  body  made  its  appearance^  connected  by  a  delicate 
thread  with  the  one  on  the  other  side  (fig.  20  f).  In  a  still 
more  advanced  condition  the  two  nuclei^  which  had  become 
quite  rounded;  were  only  united  by  a  delicate  thread  of  con- 
siderable length. 

LqphomonaSy  Stein  ('  Sitzunbericht.  der.  konigl.  bohm. 
GeseUsch.  d.  Wissensch.  Jahrg./  1860,  pp.  49,  50). 

Lophomonas  blattarum,  Stein  (loc.  cit.). 

These  highly  interesting  parasitic  Flagellate  forms  were 
found  by  Stein  in  the  rectum  of  Blatta  orientalis.  The 
author  is  able  to  confirm  Stein's  observations  in  every  respect, 
so  far  as  the  few  specimens  seen  by  him  will  allow.  The  shape 
of  LophomoTMS  blattarum  is  a  roundish  ovoid  (Plate  vi,  fig. 
SI  b),  only  the  smallest  individuals  possessing  the  more  sphe- 
rical form  (fig.  SI  a)  described  as  being  most  common  by  Stein. 
The  author  has  investigated  these  organisms  in  a  dilute  solu- 
tion of  albumen,  and  has  by  this  means  avoided  the  alterative 
influence  of  water,  whilst  he  has  been  able  to  preverve  them 
uninjured  for  more  than  twenty-four  hours. 

The  somewhat  tapering  anterior  extremity  is  sharply  trun- 
cated, and  it  is  from  this  point,  which  is  sometimes  very 
distinct,  and  at  other  times  very  indistinct,  that  the  tuft  of 
flagella  which  is  so  characteristic  of  the  species  arises.  This 
tuft  consists  of  a  great  number  of  flagella  ranged  close  to 
each  other  which  are  in  part  twisted  together  into  a  tuft — 
this  is  true  chiefly  for  the  middle  and  larger  ones — which  is 
only  broken  up  into  the  individual  flagella  at  its  extremity. 
The  outer  flagella  of  the  tuft  are  smaller  and  separate,  and 
vibrate  freely  in  the  surrounding  fluid  medium.  The  united 
tuft,  on  the  other  hand,  performs  only  occasionally  lashing  and 
jerking  movements.  In  exhausted  and  dying  specimens  the 
cilia  separate  into  confused  tufts.  The  structure  of  the 
anterior  end  carrying  the  tuft  of  flagella  is  very  peculiar.  A 
round  and  somewhat  dark  body,  the  nucleus,  is  situated  a 
short  distance  behind  the  cluster  of  cilia ;  it  stains  deeply 
with  carmine,  and  gives  the  impression  of  a  homogeneous 
plasmatic  body  in  the  living  organism,  but  after  treatment 
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If  ith  dilute  acetic  acid  it  appears  as  a  vesicular  nucleus^ 
with  a  large  and  dark  irregular  sheath  containing  nucleoli. 

The  nucleus  lies  in  a  space  which  is  remarkable  for  its 
clear  and  transparent  nature ;  it  occupies  almost  the  entire 
breadth  of  the  anterior  extremity^  but  rapidly  narrows  as  it 
passes  backwards^  and  in  large  specimens  it  can  usually  be 
traced  only  as  far  as  the  centre  of  the  body  (fig.  21  a),  whilst 
in  smaller  examples  it  extends  almost  to  the  hinder  end  of 
the  body  (fig.  S7  b).  In  the  larger  specimens  also  a  deli- 
cate transparent  band  runs  along  the  middle  line  of  the 
body  to  the  posterior  end  as  a  prolongation  of  the  anterior 
li^ht  space.  Bound  this  clear  space  at  the  anterior  end, 
which  is  triangular  when  seen  in  optical  section,  is  a 
thick  envelope  of  a  denser  and  darker  plasma,  which  is 
tolerably  sharply  bounded  off  from  the  remaining  proto- 
plasm (fig.  21  a).  The  bodjr,  therefore — at  least,  in  the  larger 
individuals — is  divided  into  two  portions,  of  which  the 
anterior  is  somewhat  shorter  than  the  posterior.  After  treat- 
ment with  dilute  acetic  acid  the  two  segments  are  sometimes 
very  clearly  separated  from  each  other,  whilst  there  appears 
between  them  a  space  filled  with  fiuid  brought  about  by  the 
varying  contraction  due  to  coagulation. 

The  hinder  and  larger  half  of  the  organism  consists  of  a 
transparent  granular  protoplasm.  It  encloses  a  larger  or 
smaller  number  of  granular  contents,  which,  so  far  as  the 
author  can  judge,  consist  chiefly  of  food  particles.  In 
the  organisms  examined  this  part  of  the  Dody  usually 
contained  a  number  of  very  dark,  round,  or  oval  granules, 
of  a  high  refractive  index,  closely  packed  together,  such  as 
exist  in  quantities  in  the  intestine  of  the  cockroach; 
they  are  probably  starch  granules,  but  they  have  not  been 
examined  chemically.  Individuals  are  occasionally  found, 
which  are  very  much  smaller,  and  are  free  from  such  granular 
contents.  A  protoplasmic  thread  was  often  seen  at  the  pos- 
terior end,  which  trailed  as  a  tail-like  prolongation  of  the 
body  substance.  Sometimes,  also,  numerous  bodies  of  a  con- 
siderable size,  like  those  within,  adhered  to  the  outside  of  the 
hinder  end  of  the  organism,  giving  rise  to  the  supposition 
that  the  hinder  end  took  part  in  some  undefined  way  in  the 
ingestion  of  food ;  and  this  is  rendered  more  probable  by  the 
fact  that  the  peculiarly  constructed  anterior  end  is  always 
found  to  be  entirely  free  from  food  contents.  No  contractile 
vacuole  is  discoverable.  Vacuoles  are  only  very  rarely  found 
in  the  substance  of  these  organisms ;  the  author  has,  himself, 
observed  them  in  only  two  cases,  in  neither  of  which  was 
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there  any  appearance  of  contraction.  But  little  is  known^ 
and  that  not  certainly^  of  the  reproduction. 

Individuals  have  been  met  with  which  were  provided  with 
two  tufts  of  cilia  instead  of  with  one,  and  which  exhibited 
all  that  peculiar  arrangement  under  each  of  the  tufts^  which 
would  be  present  in  an  ordinary  individual.  Such  speci- 
mens were  always  very  variable  in  form,  at  one  time  con- 
tracting themselves  to  such  a  degree  that  the  two  clusters 
of  cilia  stood  close  together,  and  again  extended  themselves 
till  they  were  upon  opposite  ends  of  the  body.  From  what 
is  at  present  known  as  to  the  prelude  to  division  amongst 
the  Ilagellata,  we  are  led  to  believe  that  these  forms  are 
about  to  undergo  fission.  On  the  other  hand,  it  may  be 
argued  that  such  forms  have  been  watched  for  a  long  time 
without  any  further  advance  in  the  process  of  division  being 
observable. 

A  considerable  number  of  individuals  were  once  seen  whose 
posterior  extremities  were  beset  with  small  cilia,  but  it  has 
not  been  decided  whether  these  forms  stood  in  any  relation 
to  the  final  state  of  division.  Very  large  specimens  measured 
about  0-08  mm. ;  but,  as  already  noticed,  there  are  remarkable 
differences  in  size,  as  is  shown  by  the  figures  21  a  and  21  b. 

Lophomonas  striata,  n.  sp. ? 

The  form  to  be  described  under  this  name  (Plate  vi,  fig. 
SI  c  d)  is  also  found  in  the  rectum  of  Blatta  orientalis.  This 
peculiar  organism,  in  relation  to  its  possession  of  a  large 
anterior  tuft  of  cilia,  is  closely  allied  to  Lophomonas  blot' 
tarum,  and  the  finer  details  of  structure  are  exactly  the  same 
as  in  the  ordinary  kind.  The  form  of  the  body,  however,  is 
verv  different:  it  is  usually  elongated  and  spindle-shaped, 
whilst  the  anterior  end,  for  the  reception  of  the  tuft  of 
flagella,  is  somewhat  sharply  conical,  m  opposition  to  the 
usually  broad  end  in  Lophomonas  hlattarum.  Only  occa- 
sionally is  there  any  important  deviation  from  this  form : 
the  spindle,  however,  appears  sometimes  longer,  at  other 
times*  shorter.  Once  a  small  form  was  seen  (fig.  21,  c), 
which  differed  nolably  from  the  ordinary  individuals  in  the 
possession  of  an  oval  rounded  bodj.  The  length  of  the  body 
18  the  same  on  the  average  as  m  Lcphomontu  hlattarum, 
but  it  is  usually  somewhat  greater  in  the  elongated  spindle 
forms.  The  comparatively  stiff  and  unbending  nature  of 
the  body  protoplasm  is  very  peculiar,  in  contrast  with 
the  transparent  protoplasm  of  the  forms  hitherto 
described.  A  very  typical  spiral  longitudinal  banding 
is  seeuj  it  is  sometimes  regular,  at  other  times  irregular. 
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even  to  confusion.  It  is  absolutely  peculiar  in  that  the  proto- 
plasm is  surrounded  by  many  bands  of  high  refractive  mdex^ 
of  somewhat  irregular  outhne.  It  is  clear  that  it  is  not 
dependent  on  a  spirally  ribbed  sheath.  Nothing  at  all  can 
be  made  out  in  the  body  of  the  organism  beyond  this  band- 
ing ;  there  is  no  trace  of  any  granular  contents,  or  granular 
plasma,  and  no  nucleus,  with  its  peculiar  arrangements,  such 
as  is  found  in  this  neighbourhood  in  Lophomotuis  hlattarum. 
Once  a  clear  spot  like  a  vacuole  was  seen  at  the  anterior  end 
of  a  specimen.  Dying  specimens  conduct  themselves  quite 
peculiarly,  for  in  them  the  body  becomes  broken  up  into  a  heap 
of  threads,  since  the  banded  structures  become  separated,  and 
lie  confusedly  on  each  other.  This  phenomenon  seems  to 
show  that  the  chief  part  of  the  body  is  made  up  of  such 
threads,  as  all  that  was  visible  between  these  broken  down 
masses  of  threads,  were  small,  round,  and  pale  granules. 
This  species  when  Aresh  moves  as  rapidly  and  energetically  by 
means  of  its  tuft  of  cilia  as  the  ordinary  ZropAomono^  blattarum, 
but  like  the  latter  it  dies  after  a  short  time  in  indifferent 
fluids.  They  are  found  more  rarelv  than  Lophomonas 
blattarum,  but  sometimes  they  are  found  together  in  the  same 
animal.  Leydig  appears  to  have  observed  a  species  of  this 
genus  in  QryUotalpa. 

Uvella,  Ehrenberg  ('Die  Infusionsthiere  als  voUkom- 
mene  organismen,'  p.  19). 

Uvella  virescens  (Bory),  Ehrenberg  (op.  cit.,  p.  20, 
pi.  i,  fig.  26). 

UveUa  virescens,  Dujardin  ('  Hist.  Nat.  des  Infusoires,' 
Paris,  1841,  p.  801). 

Uvella  virescens,  Perty  ('  Zur  kenntniss  kleinster  Lebens- 
formen,'  etc.,  p.  176,  pi.  xiv,  fig- !)• 

Uvella  virescens,  Fromentel  C  Etudes  sur  les  Microzoaires,' 
Paris,  p.  288,  pL  xxvi,  fig.  7). 

This  commonly  occurring  form  consists  of  spherical  free- 
swimming  colonies,  the  constituent  individuals  of  which  are 
united  in  the  centre  of  the  colony  by  their  tapering  posterior 
ends  (fig.  22,  a).  They  are  not,  however,  connected  below, 
and  are  not  embedded  in  a  common  case.  Each  of  the 
yellowish  or  yellowish-green  individuals  on  that  pole  which 
is  furthest  away  from  the  centre  of  the  colony  has  two  large 
flagella  which  arise  close  to  each  other.  The  number  of 
individuals  which  unite  to  form  a  colony  is  very  variable. 
Fig.  22,  a  shows  such  a  colony  composed  of  only  a  few 
individuals ;  for  Ehrenberg  has  found  as  many  as  eighty  in  a 
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single  colony.  The  yellowish -green  colouration  is  depen- 
dent^ as  iu  other  cases^  upon  the  presence  of  two  pigment 
discs,  which  are  relatively  not  tery  thick,  of  which  one 
occupies  each  lateral  half  of  the  body,  lying  close  beneath 
the  surface.  Between  the  two  discs  is  only  a  small  space, 
which  appears  on  closer  inspection  as  a  colourless  trans- 
parent line  running  longitudinally.  The  pigment  is,  there- 
fore, not  present  in  the  body-substance  in  a  finely  divided 
condition,  as  Stein  has  described  in  certain  red  and  yellow 
Flagellata.  The  pigment  discs  of  Uvella  are  remarkably  dis- 
tinct ;  after  the  death  of  the  organism,  when  the  body  protoplasm 
flfwells  up,  and  the  whole  body  becomes  rounded,  the  pigment 
discs  undergo  the  same  change,  and  ultimately  shrinking  to- 
gether form  irregular  or  roundish  bodies  (fig.  22,  b  and  c) .  In 
the  hinder  end  of  the  body,  at  the  spot  where  the  tapering  gives 
rise  to  the  colourless  point,  are  found  two  small  contractile 
vacuoles  close  to  each  other  (fig.  22,  a  v),  which  contract  al- 
ternately and  reappear  upon  the  same  spot.  A  nucleus  cannot 
be  seen  under  the  ordinary  conditions,  although  it  can  be 
detected  by  staining.  As  demonstrated  by  Beale's  carmine, 
it  lies  somewhat  in  the  centre  of  the  body  between  the  two 
pigment  discs,  whilst  the  rest  of  the  body  remains  quite 
uncoloured  (n  in  fig.  22,  b  and  c).  The  body  protoplasm 
is  generally  filled  either  with  fine  or  coarse  granules  in 
larger  or  smaller  numbers;  the  anterior  end  alone  often 
appears  to  be  quite  free  from  such  granules,  and  is 
therefore  transparent.  Only  a  single  stage  in  the  process 
of  fission  has  been  observed  (fig.  22,  d),  and  it  agrees  with 
the  usual  mode  followed  by  other  Flagellata.  The  division 
occurs  lengthwise,  and  then  the  flagella  and  contractile 
vacuoles  increase  in  number,  as  do  also  the  pigment  discs 
(£g.  22,  d). 

£ncy8tation  has  also  been  observed  in  Uvella ;  such  en- 
cysted forms  being  often  found  on  crushing  a  colony  among 
normal  organisms,  and  also  lying  free  in  the  watch  glass  in 
which  the  Uvella  has  been  kept.  These  forms  consist  of  a 
delicate  irregular  outer  coat,  enclosing  a  thicker  coat,  which 
immediately  surrounds  the  encysted  body.  Within  the  cyst 
He  the  much  contracted  pigment  discs. 

Among  the  individuals  forming  the  Uvella  colony  a  small 
Flagellate  is  found  so  frequently  as  to  be  almost  normal 
(fig.  22,  a).  This  small  organism  is  long  and  spindle- 
shaped,  it  possesses  two  flagella,  and  fixes  itself  with  its 
flagella-bearing  end — which  is  more  pointed — towards  the 
centre    of    the   colony.      It   calls    to   mind    Chloragonium 
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euchlorum,  Ehrb.^  or,  perhaps,  with  ^eater  distinctness,  the 
zoospores  of  Colacium  described  by  Cienkowski.l 

Uroglena,  Ehrenberg  ('  Die  Infiisionsthiere  als  voUkom- 
mene  organismen,'  Leipzig,  1838,  pp.  61,  62,  pL  iii,  fig.  11)» 

Uroglena  volvox,  Ehrenberg  (loc.  cit.). 

These  organisms  have  been  found  by  the  author 
in  enormous  numbers,  chiefly  in  some  small  ponds 
near  Frankfort  -  on  -  the  -  Main,  but  also  in  a  pond  in 
the  Grand  Ducal  Park  at  Carlsruhe*  They  form  large- 
sized  colonies,  which  are  generally  spherical,  but  never 
so  regularly  spherical  as  in  Yolvox,  since  they  generally 
have  more  or  less  irregular  blunt  comers,  and  often  deep  con- 
strictions. The  individuals  are  ranged  close  to  each  other 
(fig.  SS  a),  and  are  enclosed  in  a  gdatinous  covering ;  the 
author  has  not  observed  the  tails  described  by  Ehrenberg, 
but  finds  that  the  hinder  extremities  of  the  individuals  are 
simply  rounded,  and  that  there  is  no  junction  between  the 
individual  organisms.  It  is  not  yet  determined  whether  the 
spaces  in  the  interior  of  the  colony,  which  are  not  occupied 
by  the  organisms,  are  filled  with  the  gelatinous  covering,  or 
with  fluid ;  but  the  author  is  inclined  to  think  the  latter, 
since  he  has  observed  great  numbers  of  diatoms  and  other 
foreign  bodies  moving  nreely  in  this  position.  The  greatest 
length  of  a  single  individual  is,  on  the  average,  0*011  mm. 
Each  individual  bears  two  flageUa  peripherally,  a  large  chief 
flagellum  tapering  gradually  from  its  point  of  origin^  and  a 
small  accessory  flagellum  near  it,  as  in  Dinobryon. 

The  eye  spot  is  close  to  the  base  of  these  flagella :  the 
author  has  only  observed  a  single  one,  whilst  Ehrenberg  has 
seen  three^  the  increased  number  being  due  to  impending 
fission. 

In  the  anterior  half  of  the  body  of  each  individual  are  two 
yellowish-brown  or  greenish-brown  pigment  spots.  Treat- 
ment with  alcohol  extracts  the  bright  ^een  chlorophyll 
colouring  material  from  the  pigment  discs,  just  as  in  the  case 
of  diatoms.  The  contractile  vacuoles  (v)  are  present  singly 
(fig.  28,  a),  they  swell  considerably  during  the  systole,  so 
that  the  body  wall  has  a  hernia-like  protrusion  it  contracts 
rapidly  and  suddenly.  The  nucleus  has  been  demonstrated 
by  carmine  staining,  followed  by  treatment  with  glycerine 
containing  hydrogen  chloride.  The  process  of  reproduction 
has  not  yet  been  followed  out. 

>  "TJeber  Palmellacecn  und  einige  Flagellaten,"  'Arch.  f.  Mikr.  Anat^* 
Bd.  vi,  1871,  p.  427. 
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II.  Protozoa  Flagellata  resembling  Rhizopoda. 
1-  A  Flagellate  with  nuclearia-likerhizopod  con- 

dition- — This  organism  has  been  shortly  described  by  Cien- 
kowski^  as  CUiophrys  infusionum;  it  has  been  twice  found 
under  the  same  conditions  in  considerable  numbers^viz.inpond 
water  which  had  stood  some  time  in  the  house  and  had  become 
somewhat  foul ;  in  one  case,  in  company  with  a  large  quan- 
tity of  Antophysa  vegetans,  and  many  other  Flagellata,  such 
as  are  usually  found  in  foul  ditch  water.  The  organism  is 
tolerably  large,  O'OS  mm.  in  length,  but  varying  considerably 
in  size.  It  is  considerably  elongated  (fig.  24,  a),  and  is  some- 
what tapering  anteriorly ;  the  front  end,  which  bears  the 
flagellum,  is  somewhat  sharply  truncated.  The  posterior 
end  is  usually  rounded,  and  is  sometimes  drawn  out  into 
a  tail-like  appendage.  This,  however,  appears  only  to  be 
the  case  when  the  organism  is  passing  into  its  rhizopod 
condition.  A  nucleus  and  contractile  vacuole,  both  in  a 
constant  position,  are  seen  within  the  protoplasm,  which  is 
tolerably  clear.  The  nucleus  lies  at  the  front  of  the  body, 
close  below  the  base  of  the  flagellum  ;  whilst  the  contractile 
vacuole  is  about  the  centre,  or  somewhat  above  it,  close  under 
the  surface.  Other  vacuoles,  which  are  not  contractile,  are 
usually  found,  and  near  them  large  dark  granules,  sometimes 
of  a  greenish  colour ;  these  can  only  be  looked  upon  as  in- 
gested food  materials.  Many  secretion- granules  are  also 
present,  heaped  together  at  the  posterior  end. 

If  a  moderately  active  Flagellate  of  this  form  be  kept  under 
observation  for  some  time,  it  will  often  be  found  that  the 
movement  becomes  slower,  whilst  the  circumference  becomes 
irregular.  Fine  pseudopodia  are  gradually  thrust  out,  and 
to  the  destruction  of  the  flagellum  the  organism  becomes 
converted  into  a  rhizopod  form  (fig.  24  b). 

In  this  condition  it  closely  resembles  Cienkowski^s  Nuch" 
aria  simplex  in  its  rounded  circumference,  and  its  numerous 
radiating  and  delicate  pseudopodia.  It  is  probable,  however, 
that  this  form  is  not  identical  with  Nuclearia.  Cienkowski 
has  observed  a  change  in  the  reverse  way,  viz.  from  a  rhi- 
zopod condition  into  an  actively  moving  flagellate  state. 
This  faculty  is  also  possessed  by  the  organism  just  described, 
for  the  pseudopodia  are  retracted  together,  and  the  body 
gradually  begins  to  move  backwards  and  forwards,  the  cause 
of  such  movement  being  indiscernible.     Finally,  when  the 
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movement  has  become  more  energetic,  the  organism  increases 
in  length,  and  the  flagellum  is  distinctly  seen  at  one  end. 
No  observations  have  been  made  as  to  the  reproduction  or 
encystatiou  of  this  interesting  form. 

2.  Bhizopoda  possessing  flagella.— Such  organisms 
have  been  described  by  Clapardde  and  Lachmann^  under  the 
name  Podostomajiligerumy  by  F.  E.  Schulze'  as  Mastigamoeba 
aspera,  and  by  Carter.  The  author  has  repeatedly  found  in 
somewhat  foul  pond  water^  which  has  stood  for  a  consider- 
able time  in  a  glass,  an  organism  which  is  not  identical 
with  any  of  the  forms  described.  It  has  the  appearance 
of  a  small  naked  zhizopod,  with  delicate  and  somewhat 
branched  pseudopodia,  which  are  not  numerous  (PI.  vi,  fig, 
25.)  The  shape  is  naturally  very  variable ;  in  a  tolerably 
elongated  form  the  length  is  0*02  mm.  The  protoplasm 
appears  to  be  very  transparent^  it  is  homogeneous^  and  it 
never  contains  many  particles.  Usually  there  are  a  number 
of  constant  vacuoles,  some  of  which  contain  dark  granules, 
the  ingested  food  materials,  and  moreover,  minute  dark 
granules  in  large  or  smaller  numbers.  There  is  no 
differentiation  into  Ecto  and  Entoplasm.  The  pseudopodia 
are  never  very  long,  and  are  generally  finely  pointed; 
comparatively  seldom  they  are  branched  so  as  to  be 
forked  or  antennate.  A  contractile  vacuole,  and  sometimes 
more  than  one,  is  present.  The  vesicular  nucleus,  with  its 
contained  inner  bodies,  is  clearly  visible.  In  some  specimens 
it  can  be  readily  seen  that  the  organisms  possess  a  large 
flagellum.  Relatively,  this  flagellum  is  the  largest  observed 
amongst  the  Flagellata,  as  it  is  sometimes  eight  or  ten  times 
longer  than  the  body.  It  is  very  delicate,  and  either  vibrates 
only  at  its  outer  extremity  or  lashes  along  its  whole  length. 
The  movements  which  the  flagellum  sometimes  executes  in 
relation  to  the  body  are  very  peculiar.  As  the  whole  body 
consists  of  movable  amoeboid  protoplasm,  the  place  of  in- 
sertion of  the  flagellum  is  naturally  variable,  and  the 
flagellum  is  often  seen  slowly  moving  round  the  body,  and 
finally,  returning  to  its  original  position. 

The  movement  is  usually  like  that  of  a  Rhizopod ;  some- 
times the  movements  of  the  flagellum  are  energetic,  and  the 
organism  then  begins  to  move  like  a  Flagellate,  by  help  of 
its  flagellum.  In  such  a  case  the  organism  always  assumes 
au  elongated  shape    (fig.  25     b),   and   the     flagellum    is 

*  '  Etudes  sur  lea  Infusoires/  i,  p.  441,  pi.  xxf,  figs.  4—6. 
'  'Arch.  f.  Mikr.  Anat./  Bd.  xi,  p.  583. 
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Stretched   far  forwards   from  the  pointed  extremity  of  the 
body ;  the  pseudopodia,  however,  are  not  retracted. 

In  this  condition  the  nucleus  is  situated  in  the  pointed 
anterior  extremity  from  which  spring  the  flagella.  It  is 
remarkable  that  after  moving,  at  most  (or  a  short  time,  by 
means  of  its  flagellum,  the  little  organism  returns  to  its 
creeping  mode  of  life.^ 

Amoeba  BlattaSy  n.  sp.  von  Siebold.^  The  author  has 
already^  given  an  account  of  the  peculiar  appearances  observed 
in  the  nuclei  of  Arruxba  princeps,  showing  that  the  number 
and  size  of  the  nuclei  undergo  great  variations.  The  same 
changes  have  lately  been  found  to  occur  in  other  Amoeba. 

The  Amoeba  blatta  (PI.  vi,  fig.  26)  rivals  in  size  the 
Amosba princeps, it  is  found  as  a  parasitein  the  dilatation  at  the 
commencement  of  the  rectum  in  the  cockroach.  Ig  this  situa- 
tion it  lives  with  Oxyurtis^  Nyctotherus  ovalis,  Lophomonas, 
and  numberless  small  Flagellata.  On  making  a  preparation  to 
show  the  living  entoparasitic  Amoebae  contained  in  this  posi- 
tion, they  may  be  seen  as  round,  and  apparently  lifeless 
masses,  which  soon  exhibit  their  somewhat  sluggish  move^ 
ments,  thereby  declaring  their  true  nature.  The  proto- 
plasm of  this  species  appears  to  be  neither  homogeneous, 
alveolar,  nor  reticular,  as  in  many  other  Protozoa,  but 
always  very  markedly  fibrillar.  On  close  investigation 
it  may  be  noticed  that  it  appears  to  be  made  up  of 
numerous  dark  threads,  which  are  somewhat  irregular,  and 
are  occasionally  knotted  or  granular.  These  threads  either 
run  more  or  less  regularly  in  reference  to  the  direction  of 
movement  of  the  body,  or  they  cross  it  somewhat  confusedly. 
A  clear  intermediate  mass  separates  individual  threads  from 
each  other :  from  its  refractive  index,  and  its  feeble  reddish- 
colour,  this  mass  appears  to  be  fluid.  A  peculiar  homoge- 
neous outer  layer,  the  ectoplasm,  such  as  is  often  found  in 
Amoebse,  and  amoeboid  organisms,  is  not  here  normally 
present.  The  contour  of  the  body  is  formed  by  a  layer  of 
dense  protoplasm,  which  is  usually  very  delicate ;  from  this 
layer  arise  the  protoplasmic  threads  of  the  body,  and  with  it 
they  are  in  direct  continuity.  This  dense  surface  layer  of 
protoplasm  is  often  heaped  up  at  certain  spots  in  the  body 
into   great  masses  (fig.  26  a),  in    which  case  it  is  seen   as 

*  "On  Free-swimming  Amoeba,"  see  also Cienkowski,  'Pringsh.  Jhrb.  f. 
w./  Bd.  iii,  p.  434,  and  Tatem,  *  Month.  Micr.  Journ.,*  i,  p.  352. 

*Beiira<?e  zur  kenntniss  Wirbelloser  Thiere,*  Danzig,  1839,  p.  69. 
'  'Studien  iibcr  die  ersten  Enlwickelung8>  organge/  etc.,  p.  1()4. 


Digiti 


zed  by  Google 


102  PROFESSOR  O.  BUrsCHLI. 

a  homogeneous  mass  of  tolerably  high  refractive  index.  The 
author  then  goes  on  to  describe  the  way  in  which  these 
masses  are  produced  by  the  various  movements  of  the  proto- 
plasm. The  filiform  structure  of  the  Amceba  disappears  after 
the  application  of  such  pressure  to  the  cover  glass  as  will 
kill  the  organism,  at  the  same  time  the  protoplasm  becomes 
homogeneous.  This  phenomenon  is  due,  the  author  states^ 
to  the  fact  that  the  threads  of  protoplasm  swell  up  under  the 
pressure^  take  up  the  fluid,  and  fuse  with  one  another.  In 
this  Amoeba,  the  protoplasm  on  the  surface  of  the  body 
sometimes  becomes  homogeneous  during  the  execution  of 
moderately  active  movements,  sometimes  travelling  over  the 
surface  as  a  hyaline  seam  of  greater  or  less  extent,  whilst 
sometimes  short  and  bluntly  conical  pseudopodia  arise.  The 
formation  of  such  pseudopodia,  however,  is  rare. 

Inside  the  body  are  the  food  particles  in  greater  or  less 
numbers,  Ae  nature  of  which  has  not  yet  been  made  out. 
Contractile  vacuoles  have  been  several  times  observed,  they 
were  numerous,  and  arose  upon  the  surface  of  the  body  in  a 
semicircle,  uniting  at  the  period  of  contraction. 

The  nucleus  is  usually  large  and  oval,  0*018 — O'OS  mm. 
in  diameter  in  a  moderately  large  specimen  (fig.  S6,  a,  n). 
It  consists  of  a  very  large  thick  and  dark  case  which  is 
apparently  homogeneous  (fig.  S6,  b.  A).  Within  this  case 
are  finely  granular,  reticulated  contents,  which  surround  a 
sheath  probably  filled  with  fluid.  Within  this  sheath  a  dark 
corpuscle  is  sometimes  seen,  and  round  it  is  a  delicate  mem- 
brane. It  is  remarkable  that  these  nuclei  often  appear  dis- 
tinctly pointed  at  one  end,  or  have  a  neck  or  knob-like 
prominence  (fig.  26  c),  a  peculiarity  which,  so  far  as  the 
author  knows,  has  not  yet  been  observed  in  any  other 
nucleus.  Occasionally  two  nuclei  are  found  in  a  single 
individual,  but  this  frequently  happens  in  other  Amoebae. 
There  has  also  been  found  an  individual  with  four  round  nuclei 
of  the  same  size,  0*0086  mm.;  further,  one  with  eight  nuclei, 
0007— 00086  mm.;  and  one  with  fourteen  nuclei,  0006— 
0*0072  mm.  These  individuals  with  numerous  nuclei  are 
not  so  large  as  the  organisms  with  one  or  two  nuclei.  The 
smallef  nuclei  were  spherical,  as  is  the  ease  with  the  smaller 
nuclei  in  Amceba  princeps.  Two  examples  were  found  with 
numerous  nuclei,  the  one  with  six,  the  other  with  nine,  in 
which  some  of  the  nuclei  departed  from  the  round  form.  In 
the  first  example  three  of  the  nuclei  were  irregularly  elon- 
gated, whilst  in  the  second,  seven  were  drawn  out  into 
spindles.  The  small  nuclei  difler  in  their  construction  from 
the  large  ones,  in  that  the  space  filled  with  fluid  is  in  the 
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former,  very  large,  so  that   the   peculiar  contents  of  the 
nuclei  are  bounded  by  a  proportionally  delicate  sheath. 

Near  these  moving  Amoeoae  tolerably  large  cysts  are  fre- 
quently found ;  they  undoubtedly  take  part  in  the  reproduc- 
tive process  of  these  organisms.  The  cysts  (fig.  26  d)  are 
always  quite  round,  with  a  tolerably  deUcate  sheath  lying 
close  to  the  contents.  The  diameter  is  somewhat  variable, 
usually  about  0*0S — 0*04  mm.,  and  in  one  case  0*007  mm. 
The  protoplasmic  body  contained  in  the  sheath  always  con- 
sists in  part  of  a  very  clear  and  quite  homogeneous  proto- 
tlasm,  and  in  part  of  a  very  finely  granular  protoplasm, 
nside  the  cyst  a  number  of  nuclei  are  invariably  found, 
they  are  of  the  same  nature  as  the  smaller  nuclei  in  the 
ordinary  Amoeba  condition.  The  author  has  counted  11, 
19,  and  occasionally  25  or  even  30  small  nuclei.  The  size  of 
these  nuclei  varies  somewhat  in  one  and  the  same  cyst,  so  that 
the  measurements  taken  vary  between  0*003—0*008  mm. 
The  investigations  which  have  been  as  yet  made  do  not 
afford  BTij  clear  evidence  of  the  relationship  of  the  single  to 
the  multi-nucleated  condition. 


On  the  Morphology  and  Systbmatic  Position  of  the  Spon- 
GIDA.  By  F.  M.  Balfouk,  M. A.,  Fellow  of  Trinity  College, 
Cambridge. 

Professor  Schulzv^s^  last  memoir  on  the  development  of 
Calcareous  Sponges,  confirms  and  enlarges  MetschnikoflTs'  earlier 
observations,  and  gives  us  at  last  a  fairly  complete  history  of  the 
development  of  one  form  of  Calcareous  Sponge.  The  facts  which 
have  been  thus  established  have  suggested  to  me  a  view  of  the 
morphology  and  systematic  position  of  the  Spongida,  somewhat 
different  to  that  now  usually  entertained.  In  bringing  forward 
this  view,  I  would  have  it  understood  that  it  does  not  claim  to 
be  more  than  a  mere  suggestion,  which  if  it  serves  no  other 
function  may,  perhaps,  be  of  use  in  stimulating  research. 

To  render  clear  what  I  have  to  say,  I  commence  with  a  very 
brief  statement  of  the  facts  which  may  be  considered  as  estab- 
lished with  reference  to  the  development  of  Sycandra  raphanus 

\  **  Unterauchiingeii  uber  d.  Baa  u.  d.  Entwickelung  der  Spongien,"  '  Zeit. 
f.  wise.  Zooi.,'  Bd.  xxxi,  1878. 

s  «Zur  EatwickeloDgsgeschicbte  der  Kalkscbwamme/'  'Zeit.  f.  wiss 
ZoolV  Bd.  XXIV,  1874. 
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the  form  which  was  studied  by  both  Metschnikoff  and  SchuLse. 
The  segmentation  of  the  ovum,  though  in  many  ways  remark- 
able,  is  of  no  importance  for  my  present  purpose^  and  I  take  up 
the  development  at  the  close  of  the  segmentation^  while  the 
embryo  is  still  encapsuled  in  the  parental  tissues.  It  is  at  this 
stage  lens-shaped,  with  a  central  segmentation  cavity.  An 
equatorial  plane  divides  it  into  two  parts^  which  have  equal  shares 
in  bounding  the  segmentation  cavity.  One  of  these  halves  is 
formed  of  about  thirty-two  large^  rounds  granular  cells^  the  other 
of  a  larger  number  of  ciliated  clear  columnar  cells.  While  the 
embryo  is  still  encapsuled  a  partial  invagination  of  the  granular 
cells  takes  place,  reducing  the  segmentation  cavity  to  a  mere  sht ; 
this  invagination  is>  however,  quite  temporary  and  unimportant, 
and  on  the  embryo  becoming  free,  which  shortly  takes  place,  no 
trace  of  it  is  visible;  but,  on  the  contrary,  the  segmentation  cavity 
becomes  larger,  and  the  granular  cells  project  very  much  more 
prominently  than  in  the  encapsuled  state. 

Fig.  1. 


Two  free  stages  in  the  development  of  Sycandra  raphantu  (copied  from 
Schuize). 
▲.  Amphiblastala  stage ;  b,  a  later  stage  after  the  cih'ated  cells  have  com- 
menced to  become  invaginated ;  cs,  segmentation  cavity ;  ee.  granular 
cells  which  will  form  the  ectoderm ;  en,  ciliated  cells  which  become  in- 
vaginated to  form  the  entoderm. 

The  larva,  after  it  has  left  the  parental  tissues,  has  an  oval 
form  and  is  transversely  divided  into  two  areas  (fig.  1,  a).  One  of 
these  areas  is  formed  of  the  elongated,  clear,  ciliated  cells,  with  a 
small  amount  of  pigment  near  the  inner  ends  {en),  and  the  other 
and  larger  area  of  the  thirty-two  granular  cells  already  mentione  d 
(ec).    Fifteen  or  sixteen  of  these  are  arranged  as  a  special  ring  o  n 
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the  border  of  the  clear  cells.  In  the  centre  of  the  embryo  is  a 
segmentation  cavity  (cs)  which  lies  between  the  granular  and  tbe 
clear  cells,  but  is  mainly  bounded  by  the  vaulted  inner  surface  of 
the  latter.  This  stage  is  known  as  the  amphiblastula  stage.  After 
the  larva  has  for  some  time  enjoyed  a  free  existence,  a  remarkable 
series  of  changes  takes  place,  which  result  in  the  invagination  of 
the  half  of  it  formed  of  the  clear  cells,  and  form  a  prelude  to  the 
permanent  attachment  of  the  larva.  The  entire  process  of  invagi- 
nation is  completed  in  about  half  an  hour.  The  whole  embryp 
first  becomes  flattened,  but  especially  the  ciliated  half  whic^ 
gradually  becomes  less  prominent  (fig.  1,  b),  and  still  later  the 
cells  composing  it  undergo  a  true  process  of  invagination.  As  a 
result  of  this  invagination  the  segmentation  cavity  is  obliterated 
and  the  larva  assumes  a  compressed  plano-convex  form  with  a 
central  gastrula  cavity,  and  a  blastopore  in  the  middle  of  the 
flattened  surface.  The  two  layers  of  the  gastrula  may  now  be 
spoken  of  as  ectoderm  and  entoderm.  The  blastopore  becomes 
gradually  narrowed  by  the  growth  over.it  of  the  outer  row  qf 
granular  cells.  When  it  has  become  very  small  the  attachment 
of  the  larva  takes  place  by  the  flat  surface  where  the  blastopore 
is  situated.  It  is  effected  by  protoplasmic  processes  of  the  outer 
ring  of  ectoderm  cells,  which,  together  with  the  other  ectoderm 
cells,  now  become  amoeboid.  At  the  same  time  they  become 
clearer  and  permit  a  view  of  the  interior  of  the  gastrula.  Be- 
tween the  ectoderm  cells  and  the  entoderm  cells  which  line  the 
gastrula  cavity  there  arises  a  hyaline  structureless  layer,  which 
is  more  closely  attached  to  the  ectoderm  than  to  the  entoderm, 
and  is  probably  derived  from  the  former.  A  view  of  the  gastrula 
stage  after  the  larva  has  become  fixed  is  given  in  fig.  2. 

Fig.  2. 


Eixed  Gastrula  stage  of  Syeandra  rwkanns  (copied  from  Schulze). 
The  figure  shows  the  amceboid  ectoderm  cells  {ec)  derived  from  the  granular 
cells  of  the  earlier  stage,  and  the  oolnmnar  entoderm  cells,  lining  the 
gastrula  cavity,  derived  from  the  ciliated  cells  of  the  earlier  stage.  The 
larva  is  fixed  by  the  amoeboid  cells  on  the  side  on  which  the  blastopore 
is  situated. 
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After  invagination  the  cilia  of  the  entoderm  cells  can  no  longer 
be  seen^  and  are  probably  absorbed,  and  their  disappearance  is 
nearly  coincident  with  the  complete  obliteration  of  the  blasto- 
pore, an  event  which  takes  place  shortly  after  the  attachment  of 
the  larva.  After  the  formation  of  the  structureless  layer  between  the 
ectoderm  and  entoderm,  calcareous  spicules  make  their  apppear- 
ance  in  it  as  delicate  unbranched  rods  pointed  at  both  extremities. 
The  larva  when  once  fixed  rapidly  grows  in  length  and  assumes 
a  cylindrical  form  (fig.  8,  a).  The  sides  of  the  cylinder  are  beset 
with  calcareous  spicules  which  project  beyond  the  surface,  and  in 
addition  to  the  unoranched  forms,  spicules  are  developed  with  three 
and  four  rays  as  well  as  some  with  a  blunt  extremity  and  serrated 
edge.  The  extremity  of  the  cylinder  opposite  the  attached  sur- 
face is  flattened,  and  though  surrounded  by  a  ring  of  four-rayed 
spicules  is  itself  free  from  them.  At  this  extremity  a  small  per- 
foration is  formed  leading  into  the  gastric  cavity  which  rapidly 
increases  in  size  and  forms  an  exhalent  osculum  {a).  A  series  of 
inhalent  apertures  are  also  formed  at  the  sides  of  the  cylinder. 

YiQ.  3. 


The  young  of  Syeandra  raphanus  shortly  after  the  development  of  the 

Spicula  (copied  from  Schulze). 
.  View  from  the  side ;  b,  view  from  the  free  extremity  ;  os.  osculum ; 
ee.    ectoderm;    em,  entoderm  composed   of    collared  ciliated  cells. 
The  terminal  osculum  and  lateral  pores  are  represented  as  oval  white 
spaces. 
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The  relative  times  of  appearance  of  the  single  osculnm  and 
smaller  apertures  is  not  constant  for  the  different  larvae.  On 
the  central  gastrula  cavity  of  the  sponge  becoming  placed  in 
communication  with  the  external  water^  the  entoderm  cells  lining 
it  become  ciliated  afresh  (fig.  8^  b^  en)  and  develop  the  peculiar 
collar  characteristic  of  the  entoderm  cells  of  the  Spongida. 
When  this  stage  of  development  is  reached  we  have  a  roily  de- 
veloped sponge  of  the  type  made  known  by  Hseckel  as  OlynthuS. 

Till  the  complete  development  of  other  forms  of  Spongida  has 
been  worked  out  it  is  not  possible  to  feel  sure  how  far  the  phe- 
nomena observable  in  Sycandra  hold  good  in  all  cases.  Quite 
recently  the  Bussian  embryologist,  M.  Ganin,^  has  given  an  ac- 
count^ without  illustrations^  of  the  development  of  Spongilla  flu^ 
vialilis,  which  does  not  appear  reconcilable  with  that  of  Sycandra. 
Considering  the  difBculties  of  observation  it  appears  better  to 
assume  for  this  and  some  other  descriptions  that  the  observations 
are  in  error  rather  than  that  there  is  a  fundamental  want  of 
uniformity  in  development  amongst  the  Spongida. 

The  first  point  in  the  development  of  Sycandra  which  deserves 
notice  is  the  character  of  the  free  swimming  larva.  The  peculiar 
larval  form>  with  one  half  of  the  body  composed  of  amceboid 
granular  cells,  and  the  other  of  clear  ciliated  cells  is  ^nearly  con- 
stant amongst  the  Calcispongise^  and  widely  distributed  in  a  some- 
what modified  condition  amongst  the  Eibrospongise  and  Myxo- 
spongise.  Does  this  larva  retain  the  characters  of  an  ancestral 
type  of  the  Spongida,  and  if  so  what  does  its  form  mean  ? 
It  is^  of  course,  possible  that  it  has  no  smcestral  meaning 
but  has  been  secondarily  acquired ;  I  prefer  myself  to  think 
that  this  is  not  the  case,  more  especially  as  it  appears 
to  me  that  the  characters  of  the  larva  may  be  plausibly  ex- 
plained by  regarding  it  as  a  transitional  form  between  the  Pro- 
tozoa and  Metazoa.  According  to  this  view  the  larva  is  to  be 
considered  as  a  colony  of  Protozoa,  one  half  of  the  individuals 
of  which  have  become  differentiated  into  nutritive  forms,  and 
the  other  half  into  locomotor  and  respiratory  forms.  The  gra- 
nular amoeboid  cells  represent  the  nutritive  forms,  and  the  ciliated 
cells  represent  the  locomotor  and  respiratory  forms.  That  the 
passage  from  the  Protozoa  to  the  Metazoa  may  have  been  effected 
by  such  a  differentiation  is  not  improbable  on  h  priori  grounds, 
and  fits  in  very  well  with  the  condition  of  the  free  swimming 
larva  of  Spongida,  though  another  and  perhaps  equally  plausible 
suggestion  as  to  this  passage  has  been  put  forward  by  my  friend 
Proiessor  Lankester.* 

^  "  Zur  Entwickelang  d.  Spongilla  fluviatilis/'  '  Zoologischer  Anzeiger/ 
vol.  i,  No.  9,  1878. 
'  ''Notes  on  Embryology  and  ClasMfication."  This  Journal,  Vol.  XYII^ 
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While  the  above  view  seems  fairly  satisfactory  for  the  free 
swimming  stage  of  the  larval  Sponge  there  arises  in  the  subsequent 
development  a  difficulty  which  appears  at  first  sight  fatal  to  it. 
This  difficulty  is  the  invagination  of  the  ciliated  cells  instead  of 
the  granular  ones.  If  the  granular  cells  represent  the  nutritive 
individuals  of  the  colony^  they  and  not  the  ciliated  cells  ought 
.  most  certainly  to  give  rise  to  the  lining  of  the  gastrula  cavity, 
according  to  the  generally  accepted  views  of  the  morphology  of 
the  Spongida.  The  suggestion  which  I  would  venture  to  put 
forward  in  explanation  of  this  paradox  involves  a  completely 
new  view  of  the  nature  and  functions  of  the  germinal  layers  of 
adult  Sponges. 

It  is  as  follows  : — When  the  free  swimming  ancestor  of  the 
Spongida  became  fixed,  the  ciliated  cells  by  which  its  move- 
ments used  to  be  effected  must  have  to  a  great  extent  become 
functionless.  At  the  same  time  the  amceboid  nutritive  oells 
would  need  to  expose  as  large  a  surface  as  possible.  In  these 
two  considerations  there  may,  perhaps,  be  found  a  sufficient  expla- 
nation of  the  invagination  of  the  ciliated  cells,  and  the  growth 
of  the  amoebikid  cells  over  them.  Though  respiration  was,  no 
doubt,  mainly  effected  by  the  ciliated  cells,  it  is  improbable  that 
it  was  completely  localized  in  them,  but  the  continuation  of  their 
function  was  provided  for  by  the  formation  of  an  osculum  and 

Eores.  The  ciliated  collared  cells  which  line  the  ciliated  cham- 
ers,  or  in  some  cases  the  radial  tubes,  are  undoubtedly  derived 
from  the  invaginated  cells,  and  if  there  is  any  truth  in  the  above 
suggestion,  the  collared  cells  in  the  adult  Sponge  must  be  mainly 
respiratory  and  not  digestive  in  function,  while  the  normal  epi- 
thelial cells  which  cover  the  surface  of  the  sponge,  and  in  most 
cases  line  the  greater  part  of  the  passages  through  its  substance, 
must  carry  on  the  digestion.^  If  the  reverse  is  the  case  the 
whole  theory  falls  to  the  ground.  It  has  not,  so  far  as  I  know, 
been  definitely  made  out  where  the  digestion  is  carried  on. 
Lieberkiihn  would  appear  to  hold  the  view  that  the  amoeboid 
lining  cells  of  the  passages  i^re  mainly  concerned  with  digestion, 
while  Carter  holds  that  digestion  is  carried  on  by  the  collared 
cells  of  the  ciliated  chambers. 

1877.  It  seems  not  impossible,  if  the  speculations  in  this  paper  have  any 
foundation  that  while  the  views  here  put  forward  as  to  the  passage  from  the 
Protozoon  to  the  Metazoon  condition  may  hold  true  for  the  Spongida,  some 
other  mode  of  passage  may  have  taken  place  in  the  case  of  the  other 
Metazoa. 

^  That  the  flat  cells  which  line  the  greater  part  of  the  passages  of  most 

Sponges  are  really  derived  from  ectodermic  invag^inations  appears  to  me 

dearly  proved  by  Schulze's  and  Barrois'  observations  on  the  young  fixed 

stages  of  Halisarca.      Ganin  appears,  however,  to   maintain  a  contrary 

^  view  for  Spongilla. 
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If  it  is  eventually  proved  by  actual  experiments  on  the  nutri- 
tion of  Sponges^  that  digestion,  is  carried  on  by  the  general  cells 
lining  the  passages,  and  not  by  the  ciliated  cells,  it  is  clear  that 
neither  the  ectoderm  nor  entoderm  of  Sponges  will  correspond 
with  the  similarly  named  layers  in  the  CcBlenterata  and  the 
Metozoa.  The  invaginated  entoderm  will  be  the  respiratory  layer 
and  the  ectoderm  the  digestive  and  sensory  layer ;  the  sensory 
function  being  probably  mainly  localised  in  the  epithelium  on 
the  surface,  and  the  digestive  one  in  the  epithelium  lining  the 

Eassages.  Such  a  fundamental  difference  in  the  germinal  layers 
etween  the  Spongida  and  the  other  Metazoa,  would  necessiurily 
involve  the  creation  of  a  special  division  of  the  Metozoa  for  the 
reception  of  the  former  group 


Flagellated  Obganisms  in  the  Blood  of  Healthy  Eats.^ 
By  Timothy  Bichaeds  Lewis,  M.B. 

It  will  be  recollected  that  it  is  one  of  the  fundamental 
tenets  of  M.  Pasteur's  creed  that  neither  microscopic 
organisms  nor  their  germs  are  ever  found  in  the  blood  of  an 
animal  in  health.  Doubtless  our  conception  of  what  implies 
good  health  may  differ,  and  especially  so  when  it  is  the 
health  of  an  animal,  and  not  of  a  person,  that  may  be  the 
subject  of  debate.  If  it  be  maintained  that  an  animal  affected 
with  either  epiphytes  or  entophytes,  with  epizoa  or  entozoa, 
is  not  in  the  enjoyment  of  full  health,  then  there  can  be 
but  few  perfectly  healthy  animals.  The  organs  of  some 
animals  are  almost  never  absolutely  free  from  parasites.  It 
would  nevertheless  be  scarcely  justifiable  to  pronounce  such 
animals  as  diseased  in  the  ordinary  sense. 

So  much  being  admitted,  it  is  scarcely  possible  that  this  por- 
tion of  M.  Pasteur's  doctrine  can  be  correct.  For  some  years 
past  I  have  taken  considerable  interest  in  this  matter,  and  my 
attention  was  drawn  to  it  in  a  special  manner  in  May  last  year, 
by  my  having  been  directed  by  the  Government  to  make  inquiries 
regarding  the  spirillum  of  JBombay-fever.  Whilst  doing  this 
I  had  occasion  to  examine  the  blood  of  a  considerable  number . 
of  animals,  and  eventually  (July,  1877)  detected  organisms  in. 

1  Tills  chapter  forms  a  portion  of  a  paper  on  "The  Microscopic  Organisms 
found  in  the  Blood  of  Man  and  Animals,"  which  will  shortly  be  pubh'shed 
in  the  '  Foarteenth  Annual  Report  of  the  Sunilary  Commissioner  with  the 
Government  of  India.'  Another  portion  of  this  paper,  "The  Nematoid 
Hsmatozoa  of  Man,'*  will  appear  in  the  next  number  of  this  Journal. — Ed. 
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the  blood  of  a  rat  i^ich,  at  first  sight,  I  took  to  be  of  the 
nature  either  of  vibrions  or  spirilla.  The  blood  when  transferred 
to  the  microscope  appeared  to  quiver  with  life,  but  for  some  con- 
siderable time  nothing  could  be  detected  to  account  for  this 
animated  condition,  as  the  blood-corpuscles  were  somewhat 
closely  packed.  On  diluting  the  blood  with  a  half  per  cent, 
solution  of  salt,  motile  filaments  could  be  seen  rushing  through 
the  serum,  and  tossing  the  blood-corpuscles  about  in  all  direc- 
tions* Their  movements  were  of  a  more  undulatory  character 
than  are  the  movements  of  spirilla,  and  the  filaments  were 
thicker,  more  of  a  vibrionic  aspect.  They  were  pale,  translu- 
cent beings,  without  any  trace  of  visible  structure  or  granularity ; 
but,  as  their  movements  were  so  rapid,  exact  information  as  to 
their  microscopical  characters  could  not  be  ascertained  at  the 
time.  The  slides  were  therefore  placed  under  a  bell-glass  until 
these  should  diminish. 

On  the  following  morning  the  activity  of  the  filaments  was 
much  less.  Their  movements  were  more  restricted  and  more 
undulatory  in  character,  and  the  blood-corpuscles,  having  be- 
come somewhat  agglutinated,  had  apparently  squeezed  out  the 
organisms,  so  that  the  latter  occupied  the  serum-areas  of  the 
preparations.  After  watching  their  movements  for  some  time 
under  a  Hartnack's  No.  9  immersion  objective,  it  was  observed 
that  every  now  and  then  blood-corpuscles,  some  considerable  dis- 
tance from  any  visible  motile  filament  would  suddenly  quiver.  On 
carefully  arranging  the  light  it  was  eventually  observed  that  this 
movement  was  due  to  the  existence  of  a  very  long  and  exceed- 
ingly fine  flagellum,  apparently  a  posterior  flagellum,  as  the 
organisms  seemed,  generally,  to  move  with  the  thicker  end 
forwards — ^the  flagellum  being  seen  following  it,  and  lashing  the 
fluid  during  the  moment  it  remained  in  focus.  I  have  not  been 
able  to  detect  any  flagellum  at  the  opposite  end.  The  greater 
number  of  the  figures  reproduced  in  the  woodcut  represent 
these  organisms  as  they  are  observed  a  few  hours  after  the 
blood  has  been  obtained,  when  their  movements  are  not  so 
rapid,  and  the  flagellum  becomes  recognisable.  They  may  some- 
times be  kept  aUve  for  two  or  three  days,  but  generally  the 
greater  portion  will  have  died  within  twelve  or  twenty-four  hours  ; 
and  not  only  have  died,  but  also  disappeared  from  view. 

When  very  carefully  watched,  tne  plasma  constituting  the 
thicker  portion  of  their  substance  may  be  seen  suddenly  to  swell 
out  at  certain  places — sometimes  so  as  to  divide  the  '^  body ''  into 
two  parts,  as  shown  in  the  middle  figure ;  at  other  times  two  or 
three  such  constrictions  and  dilatations  may  be  detected,  the  dila- 
tations being,  possibly,  observable  only  on  one  side.  At  other 
times  they  assume  an  arrow-shaped  aspect,  as  shown  in  the 
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lowest  figure.  Occasionally  something  like  granularity  may  be 
observed  before  their  disappearance,  but  not  a  trace  of  them  is 
left  after  their  disintegration.  It  seems  as  though  they  had 
been  dissolved  in  the  serum  in  which  they  were  found. 


Flagellated  organisms  in  the  blood  of  healthy  rats.  A  few  red  blood-cor- 
puscles and  one  white  corpuscle  are  included  in  the  figure.  Magnified 
700  diameters. 

They  may  readily  be  preserved  by  spreading  out  a  thin  layer  of 
the  blood  containing  them  over  a  thin  covering-glass  and  invert- 
ing it  over  a  weak  solution  of  osmic  acid.  The  preparation 
should  be  removed  as  soon  as  it  presents  a  dry,  glazed  appear- 
ance, and  may  be  thus  mounted  in  the  dried  condition  or  in  a 
saturated  solution  of  acetate  of  potash.  I  have,  however,  never 
been  able  to  detect  the  flagellum  in  such  a  preparation ;  appa- 
rently the  refractive  index  of  the  substance  forming  the  flagellum 
and  that  of  the  serum  approximates  so  closely  that  the  last  can 
only  be  detected  when  creating  a  current  by  its  movements^ 
The  ''  body ''  remains  nearly  as  translucent  after  the  action  of  the 
osmic  add  fumes  as  it  was  in  the  living  condition,  so  that  the 
presence  of  the  protozoa  in  such  a  preparation  may  readily  be 
overlooked,  owing  to  the  absence  of  any  movements  to  direct 
attention  to  them. 

When,  however,  a  preparation  of  blood  of  this  kind  is  dried  in 
the  manner  ordinarily  suggested  for  preserving  specimens  of  blood, 
and  especiallv  if  a  little  of  a  weak  solution  of  aniline  blue  be  after- 
wards pourea  over  the  dried  slide,  the  body  of  the  protozoon 
will  present  a  very  difTerent  appearance.  It  will  be  found  to 
have  contracted  irregularly,  and  to  manifest  a  somewhat  granular 
and  sAreddy  appearance,  suggestive  of  a  coagulated,  fibro-albu- 
minous  substance.  The  '^oody^'  portion  becomes  flattened 
towards  its  middle  to  double  its  original  width,  and  both  ends 
become  almost  acutely  pointed.  The  flasellum  part  is  only 
visible  for  about  half  its  true  length,  and  this  portion  of  it 
appears  to  consist  of  the  same  substance  as  the  boay.  Possibly 
the  now  invisible  portion  of  the  flagellum  may  consist  of  a 
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substance  slightly  different  from  that  of  the  body ;  or  may  have 
been  retracted  during  the  drying.  I  have  prepared  micro- 
photographs  of  slides  prepared  in  both  ways^^  hoping  that  possibly 
an  image  of  the  entire  lash  might  thus  be  obtained,  even 
though  the  eye  could  not  distinguish  any,  but  have  not  suc- 
ceeded, notwithstanding  that  the  rays  of  light  were  caused 
to  pass  through  glass  of  various  colours.  The  logwood  solu- 
tion recommended  by  Koch  for  this  purpose  also  failed  in  my 
hands. 

It  is  not  possible  to  secure  accurate  measurements  of  these 
organisms  during  the  period  of  inactivity,  nor  of  the  lash  at  any 
time,  seeing  that  the  latter  becomes  for  the  most  part  invisible 
in  preserved  preparations.  The  body-portion,  however,  may 
readily  be  measured  after  they  have  been  killed  by  means  of  osmic 
acid.  The  width  of  the  anterior  half,  or  body-portion,  averages 
•8  to  1/i,  or  precisely  that  of  ordinary  blood-bacilli,  and  its 
length  from  20  to  30/x,  or  an  average  of  25/lc.  The  flagellum,  so 
much  of  it  as  is  visible,  is  somewhat  of  the  same  length,  so  thfit 
the  total  length  of  the  organism  equals  about  50/lc,  or  about  ^W'- 
The  lash,  however,  may  be  considerably  longer  than  this,  as  the 
slope  from  the  body-portion  is  very  gradual,  and  when  the  eye 
follows  it  to  the  bounds  of  visibility  an  impression  is  conveyed 
that  there  may  be  still  more  of  it,  beyond  the  power  of  either 
Ross'  T^''  or  Powell  and  Lealand's  fV  to  reveal. 

They  are  not  very  sensitive  to  the  action  of  reagents ;  a  weak 
solution  of  ammonia  did  not  affect  them  for  some  time,  but  a 
stronger  solution  of  potash  affected  such  of  them  as  it  came  into 
contact  with  at  once :  others  in  the  middle  of  the  field  continued  to 
exhibit  movements  for  several  hours;  probably  they  had  not 
been  touched  by  the  potash.  A  weak  solution  of  bichloride  of 
mercury  in  acetate  of  potash  and  camphor  water  (as  used  for 
preserving  preparations)  did  not  seem  to  affect  them  materially, 
seeing  that  they  maintained  their  activity  in  such  a  solution  for 
eight  hours.  They  retain  their  vitality  longer  in  a  weak  salt- 
solution  than  in  pure  distilled  water.  A  cover-glass  with  an 
aqueous  solution  containing  them  was  inverted  over  a  bottle  of 
chloroform  for  several  minutes,  but  the  movements  of  the 
organisms  were  unaffected ;  if,  however,  a  drop  of  blood  contain- 
ing them  be  similarly  placed  over  chloroform  they  disappear, 
probably  owing  to  the  action  of  the  chloroform- vapour  on  the 
blood  itself. 

A  drop  of  the  blood  was  placed  on  a  slide  arranged  for  the 

^  Two  such  illustrations  have  been  reproduced  by  the  permanent  pho- 
tographic process  of  the  Autotjpe  Company,  and  will  be  issued  with  the 
complete  paper  in  the  Government  of  India  Sanitary  Keport  already 
Inferred  to. 
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application  of  electricity  to  microscopic  preparations^  and  it 
was  found  that  an  ioterrapted  current  of  such  a  strength  as  could 
not  be  comfortably  borne  by  an  individual  was  tolerated  by  these 
beings  for  several  consecutive  hours.  The  only  difference 
appreciable  between  a  preparation  thus  dealt  with  and  one  not  so 
treated  was,  that  the  movements  ceased  a  few  hours  sooner  in  the 
former  than  in  the  latter,  possibly  owing  to  the  chemical  change 
induced  in  the  blood  itself  by  the  current. 

I  have  examined  the  blood  of  a  great  number  of  rats  for  the 
purpose  of  ascertaining  what  proportion  of  them  contains  these 
organisms  in  their  blood,  and  find  that  of  those  specially  ex- 
amined for  this  purpose  their  existence  was  demonstrated  in  29 
per  cent.  Sometimes,  however,  the  number  detected  were  very 
few,  not  more  than  one  or  two  in  a  slide,  but  in  the  greater 
number  of  cases  they  were  very  numerous,  every  slide  containing 
several  hundreds. 

Being  anxious  to  ascertain  precisely  the  species  of  rats  in 
which  these  organisms  were  found,  I  consulted  an  accomplished 
naturalist.  Dr.  John  Anderson,  Superintendent  of  the  Indian 
Museum,  and  he  was  so  good  as  to  identify  the  specimens  for  me 
from  time  to  time.  The  result  has  been  that  it  has  been  defi- 
nately  ascertained  that  these  organisms  may  be  found  in  two 
species,  viz.  Mus  deeumanus  and  Mus  rufescena. 

It  would  appear  that  they  are  not  found  in  mice.  I  have 
examined  the  blood  of  a  large  number,  but  never  detected  any 
organisms  of  the  kind ;  nor  have  I  seen  them  in  any  animals  other 
than  rats. 

It  is  possible  that  these  minute  organisms  ought  to  have 
been  described  in  the  part  of  this  paper  devoted  to  the  description 
of  microphytes,  as  they  present  many  features  in  common 
with  motile  organisms  undoubtedly  of  vegetable  origin  :  on 
the  othef  hand,  taken  as  a  whole  they  appear  to  approach  more 
closely  to  the  forms  of  life  usually  classified  as  Protozoa ;  such, 
for  example,  as  several  of  the  species  of  Dujardin's  genus 
Cercomonas.  It  should,  however,  be  noted  that  many  believe 
that  these  organisms  are  zoospores  and  not  animalcules. 

The  nearest  approach  to  a  description  of  these  ha^matozoa 
which  I  can  find  is  in  a  recent  paper  by  Biit«chli,^  in  which 
he  refers  to  a  flagellated  parasite  which  he  has  often  observed 
in  the  intestinal  canal  of  a  free  nematode  (Trilobus  gracilis). 
He  refrains  from  giving  it  a  name,  owing  to  the  uncertainty 
which  exists  with  regard  to  organisms  of  this  kind.  He 
generally  found  them  in  large  numbers,  often  forming  stellate 
colonies  owing  to  their  being  attached  by  their  non- flagellated 
ends.  They  readily  became  detached,  and  then  presented  a  some- 
'  See  page  68  and  Plate  YI,  fig.  5,  of  the  present  namber  of  this  Journal. 
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what  spindle-shaped  body,  about  llfiin  lengthy  and  with  a  some* 
what  thick  flagellum  about  double  this  length,  so  that  the  total 
length  of  the  protozoon  would  be  SSjul,  something  more  than  half 
the  length  of  the  flagellated  organism  found  in  the  rat^s  blood. 
Near  the  base  of  the  flagellum  of  Biitschli's  protozoon  a  con- 
tractile vacuole  could  be  distinguished,  but  I  have  not  been  able 
to  detect  any  such  vacuole  in  these  rat-hsematozoa. 

Seeing  that  the  blood  of  such  a  large  proportion  of  rats  con- 
tains these  organisms,  I  can  hardly  suppose  that  their  existence 
has  hitherto  escaped  notice,  unless  it  be  that  rats  in  Europe  do 
uot  harbour  like  parasites.  Davaine,^  in  the  recent  edition  of 
his  work,  makes  mention  that  M.  Ghaussat  had  found  minute  ne- 
matodes in  the  blood  of  a  black  rat  (Mus  raitus),  but  I  have  not 
seen  any  nematode  in  the  blood  of  rats  in  this  country.  In  the 
tissues,  bladder,  &c.,  of  rats  such  parasites  are  very  common, 
but  their  description  does  not  come  within  the  province  of  this 
paper. 

The  nearest  approach  to  the  flagellated  hsematozoa  of  rats 
which  I  have  seen  described  is  to  be  found  in  a  foot-note  in 
Dr.  Bastian's  '  Beginnings  of  Life,'  *  where  it  is  stated  that 
Dr.  Gros  had  seen  minute  worms  {vermictcles)  in  the  blood  of  a 
field-mouse  (jnulot)  which  were  so  numerous  as  to  cause  the 
blood  to  present  an  animated  appearance ;  and  that  the  blood 
of  the  mole  was  often  found  to  be  in  a  similar  condition.  They 
were  so  small  as  to  be  barely  visible  under  a  power  magnifying 
400  diameters.  I  have  not  been  able  to  obtain  any  minute 
description  of  these  vermicules,  but  I  anticipate  that  it  will  be 
found  that  they  closely  resemble  the  flagellated  protozoa  found 
in  the  blood  of  Indian  rats. 

With  regard  to  the  health  of  the  rats  in  which  these  flagel- 
lated organisms  were  detected,  there  was  nothing  to  suggest  in 
any  way  that  they  were  less  healthy  than  others  not  so  affected, 
and  I  have  repeatedly  kept  rats  for  a  considerable  time  for  the 
purpose  of  observing  whether  any  special  symptoms  would  be 
manifested  suggestive  of  the  existence  of  such  organisms  in  the 
circulation.  It  should  be  mentioned  that  it  frequently  happened 
that  the  rats  caught  in  a  particular  room  would  be  affected, 
whereas  the  blood  of  rats  in  another  part  of  the  building  would 
not  contain  them.  The  servants  had  ultimately  come  to  recog- 
nize this,  as,  whenever  they  learnt  that  a  particular  rat's  blood 
contained  the  desired  organisms^  they  diligently  endeavoured  to 
secure  the  rest  of  the  family. 

Calcutta,  August,  1878. 

'  *  Traits  des  Entozoaires,'  Edit,  li,  pp.  11,  957;  1877.  Leuckart's 
'  Parasiten,'  vol.  ii,  p.  636.  ^  yo|.  ii,  p.  335 ;  1872. 
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ObservatioiiB  on  the  CapitellidflB  by  Br.  Hugo  Eisig.— A 
peculiar  organ  connected  with  the  alimentary  tract  of  the 
Capitellidae  has  recently  been  described  by  Dr.  Hugo  Eisig, 
under  the  title  Nebendarm  ("Nebendarm  d.  Capitellid»/* 
*  Zoologischer  Anzciger/  No.  7,  1878).  This  organ^ 
which  has  been  met  with  in  all  the  main  families  of  the 
(/apitellidae>  consists  of  a  narrow  tube  on  the  neural  side  of 
the  alimentary  tract  into  which  it  opens  in  front  and  pro- 
bably also  behind.  The  anterior  opening  is  situated  close 
to  the  posterior  boundary  of  the  cesophagus.  The  position  of 
the  posterior  opening  varies  somewhat^  and  its  existence  has 
not  been  so  clearly  established  as  that  of  the  anterior  open- 
ing. The  chief  interest  connected  with  this  organ  is  the 
comparison  Dr.  Eisig  has  made  on  the  one  hand  between  it 
and  an  embryonic  organ  found  in  the  Ichthyopsida^  and  named 
feubnotochordal  rod,  and  on  the  other  with  the  siphon  of  the 
Echinoid  alimentary  tract.  The  subnotochordal  rod  is  primi- 
tively a  canal  split  oflFfrom  the  neural  side  of  the  alimentary 
tract  for  the  greater  part  of  its  length,  which  soon  becomes 
solid,  and  occupies  a  position  (according  to  Dr.Dohrn's  view  of 
the  relationship  between  Annelida  and  Vertebrata)  very  simi- 
lar to  that  of  the  Nebendarmof  the  Capitellidae.  The  siphon  of 
the  Echiuoids  resembles  theNebendarm  in  communicating  at 
both  extremities  with  the  alimentary  tract.  Dr.  Eisig  mentions 
that  Spengel  has  recently  detected  inBonellia  an  organ  similar 
to  the  Nebendarm  in  its  connections.  The  homologies  sug- 
gested by  Dr.  Eisig  for  the  peculiar  organ  he  has  discovered 
are  certainly  plausible,  but  can  hardly  claim  to  be  satisfac- 
torily established. 

The  segmental  organs  of  the  Capitellidse  have  also  been 
studied  by  Dr.Eisig  (^Mittheilungen  a.  d.  Zoologischen  Station 
zu  Ncapel.,  Bd.  I,  Heft  I),  and  the  conclusions  he  has  arrived 
at  are  of  some  interest  in  relation  to  the  possible  homology 
between  the  vertebrate  segmental  tubes  and  the  segmental 
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organs  of  the  Annelida.  It  is  generally  stated  that  in  no 
case  is  there  more  than  one  pair  of  segmental  organs  in  each 
annelidan  segment,  although  the  coexistence  of  segmental 
organs  and  generative  ducts  in  the  same  segment  in  the  Terri- 
colus  Oligocheeta  led  Professor  Lankester  to  regard  two  as 
'  the  typical  number  of  pairs  for  each  segment.  Dr.  Eisig  has 
now  shown  that  in  Notomastus  more  than  one  pair  of 
segmental  organs  is  frequently  present  in  a  segment,  and 
that  in  Capitella  capitata  a  plurality  of  these  organs  in  each 
segment  is  the  rule. 

Moreover,  in  Capitella  the  number  in  each  segment  in- 
creases from  before  backwards.  In  adult  Amphibia  there  are 
usually  several  segmental  tubes  in  each  segment,  and  the 
actual  number  in  each  segment  also  increases  from  before 
backwards.  This  fact  has  been  used  as  an  argument  against 
the  comparison  of  the  segmental  organs  in  Vertebrata  and 
Annelida ;  but  Dr.  Eisig's  observations  prove  that  on  this  point 
at  any  rate  there  is  no  important  difference  between  the 
organs  in  the  two  types. — F.  M.  B. 

Bacteria  as  the  Cause  of  the  Bopy  Change  of  Beet-root  Sugar. 
— The  so-called  "Frog-spawn ''of  sugar  mannfactarers  is  a  gela- 
trnons  formation,  the  origin  of  which  has  hitherto  been  explained 
in  various  ways.  Professor  Gienkowski  has  recently  published 
at  Gharkow  a  memoir,  in  which  he  describes  and  figures  a  Bac- 
terium as  the  cause  of  the  remarkable  and  economically  important 
phenomena  connected  with  this  alteration  of  sugar.  According 
to  Scheibler,  the  "  Frog-spawji "  is  the  protoplasm  of  the  cells  of 
the  8ugar-l:(eet;  accormng  to  Jubert  and  Mendes,  this  gummy 
substance  is  an  aggregate  of  various  organised  ferments.  Durin 
ascribes  the  "Frog-spawn"  to  a  peculiar  fermentation,  due  to  the 
action  of  diastase  on  crystalline  sugar,  whereby  the  latter  is 
broken  up  into  cellulose  (the  spawn)  and  glucose. 

Cienkowski's  researches,  carried  on  both  in  a  sugar  factory  and 
by  means  of  culture  experiments,  prove  that  the  view  put 
forward  by  Jubert  and  Mendes  is  essentially  the  correct  one ;  the 
"Frog-spawn''  is  in  reality  a  product  of  the  vital  activity  of 
Bacteria ;  it  is  to  these  organisms,  and  not  to  diastase,  that  we 
must  ascribe  the  decomposition  of  the  crystalline  sugar  discovered 
by  Durin. 

The  jelly  of  the  "Frog-spawn''  shows  in  its  structure  and 
development  the  closest  resemblance  to  the  Ascococeua  Billrothii 
of  Cohn  (see  this  Journal,  vol.  XVI,  p.  264,  and  Plate  XX,  fig. 
1,  for  Cohn's  description  and  figure  of  Ascococcus  Billrothii).  It 
is,  perhaps,  only  a  variety  of  that  species,  and  in  any  case  belongs 
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to  the  same  genus  of  Schizophyta,  and  may  be  named  "^. 
mesenteroides. " 

A  structure  identical  in  every  respect  with  the  "  Frog-spawn'* 
of  sugar  factories  arises  spontaneously  on  slices  of  cooked  beet- 
root which  are  kept  moist  with  free  access  of  air;  such  culture 
specimens  differ  from  those  of  the  factories  only  in  their  smaller 
size  and  less  density  of  the  jelly.  The  jelly-balls  of  the  "  Frog- 
spawn  **  consist  of  accumulations  of  jelly- masses  or  anits^  the 
so-called  '^  Gbllertkerne/'  These  units  are  naked,  without  enve- 
lope ;  they  are  closely  adpressed  one  to  another,  or  ar^  attached 
to  one  another  in  rows  so  as  to  form  botryoidal  loose  or  compact 
gut-like  masses.  By  combination  of  such  units  spherical  or 
irregularly-shaped  lumps  are  produced,  which  again  become  com- 
pacted into  larger  masses.  The  jelly  of  the  ultimate  spheroids 
has  a  varying  consistence — hard,  elastic,  sharply  defined,  or  semi- 
fluid, with  confluent  outlines.  It  is  soluble  in  concentrated 
potassic  hydrate  and  in  sulphuric  acid;  according  to  Durin,  also 
in  ammonio-cupric  hydrate.  Cienkowski  failed  to  obtain  this 
reaction,  and  only  saw  a  faint  blue  coloration  as  the  result  of 
this  reagent.  Iodine  with  strong  sulphuric  acid  produces  no 
change  in  the  jelly. 

The  most  important  part  of  the  ultimate  spheroids  are  the 
builders  of  the  jelly — namely,  the  Bacteria  embedded  in  it.     In 

J'oung  examples  they  are  present  without  exception;  in  okler 
umps  difficult  to  detect.  They  exhibit  the  most  varied  forms, 
which  are  commonly  known  as  Micrococcus,  Torula,  Bacterium- 
chains,  Bacillus,  and  Vibrio.  The  common  Bacteria  pass  into  the 
Zooglcea  condition,  developing  from  colourless  Leptothrix-like 
filaments  (see  this  Journal,  October,  1878)  by  a  process  of 
transverse  subdivision  and  by  the  production  of  jelly  around 
both  entire  filamenU  and  the  pieces  into  which  they  subdivide, 
and  we  find  that  the  developmental  history  of  the  "  Frog-spawn" 
is  similar.  Here  too,  as  forerunners  of  the  gelatinous  growth, 
we  find  colourless  filaments,  which  are  often  serpentine  in  form. 
The  gelatinization  of  the  Ascococcus-biiilders  is  easy  to  follow, 
especially  when  they  are  growing  on  very  slimy  substrata.  But 
the  *'  Frog-spawn"  will  also  originate  directly  around  isolated 
Bacteria,  ^uch  gelatinous  ultimate  spheroids,  formed  indepen- 
dently of  one  another  come  into  contact  with  one  another  by 
further  growth,  adhere  together  and  form  miniature  examples  of 
the  "  Frog-spawn."  The  nearly  allied  A.  Billrothii  develops 
itself  spontaneously  on  cooked  and  uncooked  beet-root.  The 
jelly  which  envelopes  the  Bacteria  is  in  this  case  not  so  copious, 
and  less  refringent,  than  in  the  former  species.  In  cultures  kept 
fairly  dry  A.  Bilhvthii  attains  an  enormous  size ;  it  is  easily 
visible  with  the  naked  eye.     It  forms  brown  or  greenish  heaps 
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composed  of  numerous  upgrowths;  such  examples  differ  in  many 
respjects  from  the  forms  described  hj  Cohn  and  Billroth.  Th« 
ultimate  morphological  elements  into  which  they  can  be  divided 
are,  as  in  the  former  species,  gelatinous  spheroids  with  enclosed 
Bacteria, 

All  the  properties  of  the  *'  Frog-spawn/'  and  nearly  all  the 
phenomena  which  accompany  its  formation,  are  in  harmony  with 
the  supposition  that  these  jelly-masses  of  the  sugar  factories  are 
produced  by  Bacteria.  Only  in  the  extraordinary  rapidity  of 
their  production  (half  an  hour  according  to  Feltz),  do  we  come 
upon  a  difficulty,  the  explanation  of  which  can  only  be  looked 
for  when  we  have  a  fuller  knowledge  of  the  developmental  history 
of  Bacteria.  As  a  starting-point  for  further  researches  in  this 
direction  the  following  facts  are  of  value  : 

(1)  That  in  very  viscid  saccharine  solutions  all  the  Bacteria, 
without  forming  individualised  ZooglcDa-masses,  are  embedded  in 
a  common  gelatinous  substance  which  is  coagulated  by  alcohol. 
(2)  The  capability  possessed  by  the  Bacteria  of  forming  balls  of 
this  substance  around  themselves.  (8)  That  a  mechanical 
movement  of  the  nutrient  fliyd  appears  to  act  favorably  on  the 
formation  of  the  ball-like  masses.  A  very  viscid  decoction  of 
beet  takes,  as  Cienkowski  says  he  has  often  seen,  a  marked 
gelatinous  consistence  almost  immediately  when  agitated.  The 
mechanical  movement  of  the  beet-juice  during  the  process  of 
squeezing  it  out  of  the  roots,  will  probably  enough  prove  in  this 
way  to  be  one  of  the  essential  conditions  of  the  rapid  formation 
of  "  Frog-spawn. '* 

Cienkowski's  observations  show  then,that  the  "Frog-spawn"  of 
the  sugar-factories  is  no  peculiar  isolated  phenomenon,  but  with- 
out any  difficulty  can  be  assigned  a  place  in  the  category  of  the 
processes  of  jelly-formation  so  widely  spread  among  the  Algse. 
— E.  Ray  Lankestke. 

Stem's  '  Orgpanismus  der  Infusionsfhiere.' — ^The  first  volume 
of  the  third  part  of  this  great  work  has  just  appeared,  consisting 
of  150  pages  of  letterpress  and  24  folio  plates.  The  third 
part  is  devoted  to  the  Flagellata,  and  in  the  present  volume  we 
have  an  exhaustive  history  of  the  discoveries  and  writings  of 
previous  observers,  from  Ehrenberg  to  Carter,  Busk,  Williamson, 
Hicks,  and  James-Clarke.  The  plates  are  accompanied  by  full 
explanations ;  the  systematic  description  of  genera  and  species 
will  follow.  Forms  allied  to  those  described  in  Professor 
Biitschli's  paper,  an  abridged  translation  of  which  appears  in  the 
present  number  of  this  Journal,  are  figured  in  profusion.  A 
most  remarkable  form  is  the  Rhipidodendron  splendidum,  a  tube- 
making  Flagellate,  the  tubes  of  wiiich  are  aggregated  in  dense 


Digiti 


zed  by  Google 


NOTBS  ANP  MEMORANDA,  119 

flabelliform  masses.  The  genera  Volvox,  Pandorina,  Chlamydo- 
coccus,  &c.,  as  well  as  Euglena  and  Fhacus,  are  included  by  the 
author  among  the  animal  Flagellata^  and  are  copiously  illustrated. 
The  antherozooids  of  Volvox  are  regarded  merely  as  a  smaller 
generation  of  Flagellate  individuals.  The  Bitter  von  Stein 
regards  this  as  probably  the  most  interesting  and  important 
section  of  his  great  work>  and  all  will  agree  that  its  appearance 
18  most  opportune* 
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Dublin  Micbosgopioal  Club. 

nth  April,  1878. 

JPeronospora  infestans  ravages,  exhibited. — Dr.  Moore  showed 
Borae  of  tne  leaf-tissue  of  the  potato  permeated  by  the  Perono- 
spora-pest,  in  order  to  point  out  the  manner  in  which  it  became 
thereby  disintegrated  and  killed. 

Dinophysis  norvegica,  from  Melville  Bay,  was  exhibited  by  Dr. 
MoKS,  E.N. 

Biddulphia  Chinensis,  from  Teddo  Sea,  exhibited, — Rev.  E. 
O'Meara  exhibited  some  specimens  of  Biddulphia  Ghinensis, 
Grev.,  collected  by. Mr.  Moseley,  H.M.S.  "Challenger,"  from  the 
surface  of  the  Yeddow  Sea,  near  Yokohama.  This  in  all  essen- 
tial points  agreed  with  Greville's  figure  of  the  examples  gathered 
in  the  harbour  of  Hong-Kong,  but  in  some  minor  details  a  differ- 
ence was  noticeable.  In  the  figure  referred  to  the  surface  of  the 
valve  seen  in  front  view  is  represented  as  hollowed  in  the  middle, 
whereas  in  the  specimens  exhibited  the  boundary  line  is  gene- 
rally straight,  and  in  some  cases  showed  a  slight  elevation  in  the 
middle.  Moreover,  the  processes  are  more  robust  and  longer 
than  they  are  represented  in  Greville's  figure  of  the  species. 

I7ew  Closterium  from  New  Jersey. ^ISILt.  Archer  showed  ex- 
amples of  a  Closterium  found  amongst  some  Desmidian  forms  in 
an  old  gathering  lying  in  the  Herbarium  of  Trinity  College, 
Dublin,  and  made  at  New  Jersey,  America,  kindly  given  to  Mr. 
Archer  by  Professor  E.  Perceval  Wright.  On  the  slide,  at  first 
glance  seemingly  a  poor  one,  there  were  to  be  detected  no  less 
than  forty-three  species.  The  Closterium  in  question  is  a  very 
robust  form,  considerably  curved  and  very  strongly  striated ;  the 
striae  very  few.  It  most  approached  Closterium  costatum,  common 
in  this  country.  Singularly  enough,  a  single  example  from  New 
Jersey  of  that  species  was  opportunely  on  the  slide,  auite  agree- 
ing with  the  British  and  the  Irish  form,  of  which  ne  likewise 
showed  a  Scotch  specimen;  and  Mr.  Archer  took  the  opportunity 
to  contrast  it  with  the  new  species.  This  has  more  of  the  size 
and  a  good  deal  of  the  curvature,  without  the  median  inflation  of 
Closterium  moniliferum  ;  its  striss  are  much  coarser  than  those  of 
Closterium  costatum.  Very  opportunely,  too,  there  occurred  a 
Zygospore  of  the  new  species  on  the  slide;  it  is  large,  sub- 
orbicular,  thick-walled,  and  smooth,  seemingly  not  remaining  at 
all  attached  to  the  empty  parent-cells.  This  species  Mr.  Archer 
would  designate  as  CI.  crassestriatum. 
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Section  of  Spine  of  Temnopleurus  toreumaticun^  exhibited. — Mr. 
MaekintoBh  exhibited  a  CFOt<B- section  of  the  spine  of  Temnih- 
pleurus  toreumaticus^  Klein,  which  showed  a  single  cycle  of  solid 
wedges  of  an  irregular  triangle-shape,  intercalated  between  which 
were  narrow  spokes  of  reticulated  tissue  running  out  from  the 
central  pith. 

Elonffate    Unicellular  alga^  allied  to  the  M-called  Closterium 

ohtusum,  Br^b. Mr.  Archer  drew  attention  to  a  unicellular 

form  seemingly,  so  to  say,  congeneric  with  the  so-called  Clos- 
terium  obtusum  (Br6b.),  and  with  those  other  allied  forms  Mr. 
Archer  baa  shown  from  time  to  time  at  the  Club  meetings,  and 
to  which  possibly  should  be  added  one  or  two  usually,  but  doubt- 
fully, referred  to  Spirotaenia  (including  Spirotania  obscura). 
They  are  all  elongate,  like  Closterium,  it  is  true,  with  pale  clear 
spaces  at  the  ends,  but  no  moving  granules,  nor  do  the  green 
contents  form  longitudinal  radiating  laminsB.  The  present  form 
was  but  very  slightly  arcuate,  convex  on  one — the  *'  upper " — 
margin,  straight,  or  nearly  so,  on  the  other — the  "lower" — 
margin,  ends  slightly  tapered  and  bluntly  rounded,  the  endo- 
chrome  forming  lines  running  towards  the  ends.  It  was  thus  by 
its  tapering,  not  cylindrical,  figure,  and  sides  not  parallel,  as  well 
as  by  its  smaller  size,  distinct  from  Br^bisson's  plant.  It  more 
resembled  in  form  that  shown  at  the  November  meeting  in  1875, 
but  it  was  considerably  smaller,  and  the  contents  wanted  the 
knob-like  ending  at  either  extremity,  as  well  as  the  still  single 
granule  suspended  in  the  middle  of  the  cavity.  The  cell-wall 
showed  here  and  there  certain  obvious  thickenings,  sometimes 
imparting  a  certain  amount  of  waviness  to  the  outline.  Cell- 
division  transverse,  the  two  young  cells  remaining  appended  end 
to  end  for  some  time.  "Whether  the  group  of  forms  in  question 
should  be  relegated  to  the  DesmidiesB  at  all,  and  if  so,  as  a  dis- 
tinct and  new  genus,  any  more  than  Ankistrodesmus,  for 
instance,  would  seem  to  amount  to  a  begging  of  the  question, 
inasmuch  as  conjugation  has  not  been  observed  in  any  one  of 
them,  if,  indeed,  the  brown  so-called  Cylindrocystis  occurring  in 
the  pools  on  the  flat  moor  above  Lough  Bray  should  not  be 
really  placed  therewith,  and  which  has  a  smooth  orbicular 
Zygospore. 

Winter  state  of  Bryopsis  plumosa. — Dr.  E.  Perceval  Wright 
exhibited  some  living  specimens  and  a  long  series  of  prepara- 
tions illustrative  of  a  very  peculiar  mode  of  growth  he  had 
met  with  during  the  winter  months  in  Bryopsis  plumosa. 
In  some  cases  the  long  and  very  tortuous  and  irregularly  knobbed 
cells  were  the  much  altered  pinnae  of  the  frond,  which  had 
fallen  off  and  then  vegetated  in  this  manner ;  in  other  cases  these 
were  outgrowths  of  the  base  of  the  frond.  In  several  instances 
these  winter  growths  assumed  the  appearance  of  having 
oogonia,  as  in  Yaucheria,  but  in  no  one  instance  was  a  true  re- 
production seen,  and  after  months  of  careful  watching  the  speci- 
mens were  destroyed  by  an  unknown  parasitic  algal  form.    It 
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might  be  convenient  to  indicate  these  winter  growths  of  Brjopsis 
as  its  Yaucheria-colidition,  the  history  of  which  has  yet  to  be 
written. 

May  16M,  1878. 

Section  of  Barnes  PenU,  shown  under  a  1^  inch  Smith  and 
Beck's  objective.  Mr.  B.  Wills  Eichardson  exhibited  a  carmine 
stained  cross-section  of  a  ram's  penis  he  had  prepared  a  few 
previously.  The  portions  corresponding  to  the  human  corpora 
cavernosa  were  mostly  composed  of  dense  fibrous  intersecting 
bands,  the  intersections  being  closest  at  the  part  where  the 
septum  in  the  penis  of  man  is  situated.  These  bands  passed 
outwards  to  join  longitudinal  bands,  ijso  of  great  density, 
which  formed  the  pouter  wall  of  the  section.  An  artery  and  a 
vein,  the  representatives  of  the  corpora  cavernosa  vessels  in 
man,  passed  through  the  centre  of  each  half  of  the  section.  In 
spaces  between  some  of  the  decussating  bands,  near  the  circum- 
ference of  the  section,  there  were  portions  of  unstained  tissue 
largely  composed  of  remarkably  fine  fibres.  Clusters  of  fat  cells 
were  seen  in  some  of  the  spaces.  There  was  no  corpus  spon- 
giosum, strictly  so-called.  In  the  section  exhibited  it  was  repre- 
sented by  unstained  bands  which,  as  it  were,  held  the  urethral 
wall  in  position.  These  were  probably  cross -sections  of  blood 
channels.  The  urethra  itself  resembled  the  collapsed  human 
urethra,  being  in  the  section  a  transverse  slit  having  short  fissures 
leading  from  it. 

Sections  of  Strongylocentrotus  nudus,  exhibited, — Mr.  Mackin- 
to.sh  exhibited  a  cross  section  of  the  spine  of  Strongylocentrotus 
nudus,  A.  Agass.,  which  showed  a  small  central  axis  of  reticular 
tissue,  numerous  well«marked  cycles  of  solid  wedges,  the  whole 
structure  recalling  that  of  Str,  armiger^  A.  Agass.  described  in 
Club  Minutes  of  April,  1876.  The  sections  being  made  purposely 
rather  thick,  showed  the  brilliant  purple  and  yellow  colouration 
to  great  advantage. 

New  Coscinodiscus, — Eev.  B.  0*Meara  exhibited  an  undescribed 
form  of  Coscinodiscus  found  in  material  collected  by  Mr.  Moseley 
in  the  harbour  of  Hong-Kong.  This  form  was  of  considerable 
size,  being  '0143"  in  diameter ;  the  middle  of  the  valve  perfectly 
smooth,  having  a  somewhat  stellate  appearance  in  consequence  of 
the  radiate  lines  of  areoles  being  of  unequal  length,  the  ends  of 
some  approaching  nearer  than  others  to  the  centre.  The  lines  of 
areoles  are  close,  the  areoles  small  throughout,  distinctly  larger 
towards  the  margin.  This  striking  form  Mr.  O'Meara  proposed 
to  name  Coscinodiscus  Sinensis  from  the  locality  in  which  it  was 
found. 

Copal  with  embedded  organism^  exhibited. — Mr.M'Donnell,  lately 
from  Lakes  Nyassa  and  Nyanza,  showed  a  large  series  of  polished 
pieces  of  copal,  having  embedded  a  variety  of  insects,  leaves  of 
plants,  &c.,  in  good  preservation,  and  ready  to  be  submitted  to  a 
low  power  of  the  microscope. 
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June  19th,  1878. 

Oephyria  JDyerianOy  exhibited, — Eev.  E.  O'Meara  exhibited  a 
epecimeo  of  Gephyria  Dyeriana,  a  new  species  found  by  him  in 
a  gathering  made  by  Mr.  Moseley  at  Kerguelen*s  Land,  and  de- 
scribed by  nim  (Mr.  O'Meara)  in  *  Linn.  Journ.  Botany,'  vol.  xv, 
p.  59,  pi.  i,  fig.  10. 

Rcestelia  laeerata,  exhibited, — Mr.  Pirn  showed  the  fungus 
Hcutelia  laeerata  fouad  by  him  much  diffused  over  a  hawthorn- 
hedge  at  Woodenbridge,  Co.  Wicklow. 

Cosmarium,  n.  «.,  very  minute,  with  finely  spinous  Zygospore^ 
exhibited, — Mr.  Archer  showed  examples  of  an  extremely  minute 
and  rather  common  little  Cosmarium  (to  give  an  idea  ot  its  size, 
scarcely  so  large  as  the  well-known  C.  tinctum),  of  which,  how- 
ever, the  zygospore  was  not  before  exhibited  or  recorded.  This 
little  Cosmarium  was  characterised  by  a  flatness  of  the  top — 
a  small  character  on  which  to  build  a  species,  some  might  say — 
but  Mr.  Archer  thought  one  could  hardly  miss  to  know  the  species 
for  all  that ;  but  further,  it  is  the  only  one  of  the  extremely 
minute  forms  with  a  spinous  zygospore.  The  zygospore  is 
globular  and  beset  with  extremely  minute  fine  and  pointed  spinep, 
lending  thereto  an  almost  hirsute  appearance.  Tbis  was  the 
third  occasion  on  which  Mr.  Archer  had  taken  this  form  con- 
jugated.    He  would  call  it  Cosmarium  lasiosparum. 

Tttraspores  in  Folysiphonia, — Dr.  E.  Perceval  Wright  exhi- 
bited mounted  specimens,  showing  the  difierent  stages  in  the 
evolution  of  the  Tetraspores  in  Folysiphonia  formosa.  Their 
point  of  origin  would  seem  to  be  always  between  the  central  cell 
and  its  surrounding  cells  (siphons).  At  the  base  of  the  central 
cell  a  small  portion  of  protoplasm  is  detached,  this  then  soon 
divides  transversely,  the  lowermost  morsel  forms  a  very  minute 
table,  while  the  uppermost  assumes  an  oval  form  ;  this  latter 
remains  attached  to  the  former  by  means  of  a  little  stalk  of  pro- 
toplasm, which  eventually  supports  the  cell  which  originates  the 
tetraspores.  These  are  formed  by  the  division  of  the  protoplasm 
of  the  cell  formed  out  of  the  upper  oval-shaped  mass.  It  divides 
into  four  nearly  equal  portions  ;  these  have  no  points  of  attach- 
ment to  each  other.  But  in  the  process  of  growth  these  four 
masses  gradually  arrange  themselves  after  the  very  characteristic 
method  of  these  vegetative  cells. 

July  20th,  1878. 

Cylindrocystis  crassa  and  Mesotaenium  violascens  in  company 
from  Co.  Kerry,  were  shown  by  Dr.  Moore.  These  alg»  are 
widely  difi'used,  yet  scanty,  and  it  is  hard  to  get  a  good  and  pure 
unpiixed  gathering. 

Ohytridium  with  bacillar  zoospores, — Mr.  Archer  showed  a 
Chytridium  on  Eremosphcera  viridis  with  zoospores  caught  during 
egress.  The  point  of  interest  was  their  very  elongate  or  cylin- 
drical figure,  not,  as  seems  usual,  orbicular,  or  nearly  so.     With 
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the  bright  epeck  at  one  end,  they  had  thus  a  great  and  curious 
resemblance  to  some  Bacterian  forms. 

Cosmariumfontigenum^  Nordst, — Mr.  Archer  showed  examples 
of  the  only  Cosmorium  he  could  find  in  the  stuff  labelled  Cos- 
marittm  foniigemum  in  Nordstedt's  and  Wittrock's  "  Alg»  exsic- 
catse*' — ^tbis,  if  it  be  the  form  had  in  view  by  Nordstedt,  is  a 
Tery  common  one  in  this  country  and  in  Scotland,  but  it  hardly 
agrees  with  the  figure  accompanying  the  material.  That  under 
view  is  somewhat  like  Co9marinm  biooulatum,  but  differs  in  its 
truncate  top,  and  in  possessing  a  slight  depression  just  beneath 
the  obscure  upper  angles,  thus  causing  the  ends  to  appear  as  if 
somewhat  produced.  If  this  be  Nordstedt's  C7.  fontigenum,  it 
would  be  the  first  time  that  author  would  have  so  far  exaggerated 
the  characteristics  of  any  of  the  many  species  brought  forward  by 
him  as  to  render  the  least  doubt  of  the  identity,  for  they  are 
always  most  truthful  and  charmingly  accurate  in  all  details.  It 
is  possible,  however,  the  true  form  may  have  yet  to  be  en- 
countered. 

Triceratium  problematic,  shaum, — Eev.  E.  O'Meara  exhibited 
a  form  of  Triceratium  found  by  him  in  Mr.  Moselev's  collection 
at  Kerguelan's  Land,  but  only  one  example  of  which  was  met 
with,  and  that  not  quite  periect.  It  was  very  large,  and  the 
areolation  distinct ;  he  could  not  as  yet  identify  it  with  any  form 
of  this  genus  as  yet  described. 

Pithophora  ^etoensis,  State  ofj  exhibited. —'Dt,  E.  Perceval 
Wright  exhibited  a  series  of  mounted  specimens  of  Fitho- 
phora  Kewensis,  and  some  living  specimens,  for  which  he 
was  indebted  to  the  goodness  of  Sir  Joseph  Hooker,  C.B. 
ITiis  species,  described  by  Dr.  Wittrock  from  specimens  found 
in  the  Tropical  Aquarium  at  Kew,  was  in  general  appearance 
somewhat  like  a  Cladophora.  But  it  was  remarkable  to  find  in 
the  specimens  exhibited,  which  seemed  to  represent  the  winter 
stage  of  the  plant,  altr.ost  the  same  branchless,  tortuous,  and 
irregularly  knobbed  filaments  as  he  had  shown  at  the  May 
meeting  in  Flumo$a,  The  resemblance  was,  of  course,  only  a 
very  general  one,  for  in  the  one  plant  we  had  an  unicellular,  in  the 
other  a  multi-cellular  algal  form  ;  still  this  stage  of  Pithophora 
was  well  worthy  of  beiug  very  attentively  studied. 
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1.  The' epithelial  cells  of  the  mucous  membrane  of  the  iates^^ 
tine,  including  the  cells  lining  the  crypts  of  Lieberkiihn. 

2.  The  ciliated  epithelial  cells  lining  the  tubes  of  the  epididymis. 

3.  The  gland  cells  of  the  submaxillary  gland  of  dog  and  man. 

4.  The  gland  cells  of  mucous  glands. 

5.  The  epithelial  cells   of    the  glands  of  stomach  and  of 
Brunner's  glands. 

6.  The  gland  cells  of  liver. 

7.  The  cells  of  lammated  pavement  epithelium,  including 
those  of  the  rete  Malpighii  of  the  epidermis. 

1  T14s  Joomal,  vol.  xviii  (New  Ser.),  July^  1878,  p.  315. 
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MEMOIRS. 


Obsbevations  on  the  Steucture  of  Gblls  and  Nuclei.    By 
E.  Klein,  M.D.,  F.E.S.    (With  Plate  VII.) 

II. 

C.  Epithelial  and  Gland-cells  op  Mammals. 

In  the  first  part  of  this  paper^  I  have  shown  that  the  proto- 
plasm of  the  epithelial  cells  of  the  stomach  of  the  newt  consists  of — 
(a)  an  intracellular  network  of  minute  Hhrils,  and  (c)  an  interfibril- 
lar  hyaline  substance y  contained  in  the  meshes  of  the  former.  The 
interfibrillar  substance,  while  changing  into  hygroscopic  mucin, 
increases  considerably  in  bulk — whereby  also  the  meshes  of  the 
intracellular  network  become  enlarged— and  thus  produces  the 
transformation  of  the  ordinary  columnar  epithelial  cell  into  a 
"  goblet-cell.^^  I  have  further  shown  that  the  nucleus  of  these 
ceSs  (like  those  of  Salamandra  tnaculata,  demonstrated  by  Prof. 
Flemming)  contains  within  its  membrane  a  network  of  minute 
fibrils,  which  I  designated  as  intranuclear  network,  and  that  this 
is  in  direct  connection  with  the  intracellular  network. 

Extending  these  observations  on  epithelial  cells  of  mucous 
membranes  and  glands  of  mammalian  animals,  I  am  able,  not 
only  to  confirm  the  principal  points  as  regards  the  structure  of 
the  cell-substance  and  nucleus  of  epithelial  cells  of  stomach  of 
newt,  but  I  am  in  a  position  to  add  to  these  other  new  facts, 
which  seem  to  me  of  interest  in  morphological  as  well  as  physi- 
ological respects. 

The  objects  which  I  examined  are  the  following  : 

1.  The  epithelial  cells  of  the  mucous  membrane  of  the  intes^^ 
tine,  including  the  cells  lining  the  crypts  of  Lieberkiihn. 

2.  The  ciliated  epithelial  cells  lining  the  tubes  of  the  epididymis. 

3.  The  gland  cells  of  the  submaxillary  gland  of  dog  and  man. 

4.  The  gland  cells  of  mucous  glands. 

5.  The  epithelial  cells  of  the  glands  of  stomach  and  of 
Brunner's  glands. 

6.  The  gland  cells  of  liver. 

7.  The  cells  of  laminated  pavement  epithelium,  including 
those  of  the  rete  Malpighii  of  the  epidermis. 

1  This  Joomal,  vol.  xviii  (New  Ser.),  Jaly,  1878,  p.  316. 
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8.  The  epithelial  cells  lining  the  seminal  tubules^  and  the 
interstitial  epithelium  of  testis  and  ovary. 

9.  Epithelial  cells  of  sebaceous  glands  and  of  sweat-gland 
tubes. 

1.  The  Epithelium  of  the  Intestine. 

{a)  Of  the  villi  of  the  small  intestine. — ^The  first  impression 
that  one  obtains  by  examining  with  a  good  lens  in  a  thin  section 
of  well-hardened  and  well-stained  intestine  of  a  mammal^  such 
as  man^  dog,  cat,  rabbit,  &c.,  is  that  the  substance  of  the  epi- 
thelial cells  covering  the  villi  is  composed  not  simply  of  '^  granu- 
lar "  protoplasm,  but  that  it  is,  in  addition,  longitudinally  striated. 
By  examining  the  cells  more  attentively  it  is  seen  that  this  longi- 
tudinal striation  is  the  expression  of  fibrils  running  parallel  with 
the  long  axis  of  the  cells.  These  fibrils  extend  all  through  the 
cell-substance  from  the  basis  to  the  free  edge.  Such  is  the 
appearance  presented  by  the  epithelium  when  examined  with  a 
good  lens — e.g.  Zeiss'  E  or  F,  or  Hartnack's  immersion  No  10 — 
fresh  in  aqueous  humour  or  after  maceration  in  iodized  serum. 
The  best  view,  however,  of  this  condition  I  have  had  in  the  epi- 
thelium covering  the  villi  of  pig's  intestine.  The  intestine  had 
been  hardened  in  a  mixture  of  two  parts  of  ^  per  cent,  chromic 
acid  and  one  part  of  methylated  spirit.  In  a  portion  of  a  section 
well  stained  with  hsematoxylin,  which  presents  the  epithelium 
only  in  a  very  thin  layer,  we  notice  from  place  to  place,  on  and 
between  the  fibrils,  fine  "  granules,"  which  on  careful  focussing, 
are  distinctly  recognised  as  the  optical  sections  of  fibrils ;  these 
are  identical  with  horizontal  fibrils  that  unite  the  longitudinal 
ones  into  a  network.  Thus,  the  substance  of  the  cells  is  com- 
posed of  a  network  of  fibrils — intracellular  network — of  which 
the  greater  number  have  a  prevalently  longitudinal  arrange- 
ment (see  fig.  1,  Plate  VII).  Preparations  of  intestine  hardened 
simply  in  spirit,  show  the  epithelial  cells  more  "granular'*  than 
the  above  fluids,  but  stiQ  it  is  possible  to  recognise,  even  with  a 
moderately  high  power,  that  the  substance  of  the  cells  is  longitu- 
dinally striated.  And  examining  the  cells  with  a  high  power  and 
under  good  light,  it  is  possible  to  convince  ourselves  of  the  fact 
that  the  "granules''  can  be  "focussed'*  into  fibrils,  i.^.  are 
the  expressions  of  fibrils  viewed  in  optical  sections.  However 
dogmatic  the  foregoing  description  may  appear,  I  can  only  say 
that  I  have  merely  described  facts  which  appear  to  me  perfectly 
clear  if  I  examine  any  well  prepared  thin  section  of  small  intestine 
with  a  good  high  power,  such  as  Zeiss '  F  or  Hartnack's  immer- 
sion 10,  and  with  strong  light. 

1  may  mention  here  that  1  obtained  also  good  results  by  preparing  small 
pieces  of  intestine  of  the  above  animab,  according  to  the  method  described 
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in  mv  first  paper,  viz.  5  p.  c.  solution  of  chromate  of  ammonia  for  twenty- 
four  nonrs,  then  washing  in  water,  staining  in  picrooarmine,  and  mounting  in 
glycerin. 

The  hardening  reagents  that  yield  good  results  are  chromic 
acid  ^ — ^  per  cent.^  especially  the  above  mixture  of  chromic  acid 
and  spirit,  and  to  a  certain  degree  also  methylated  spirit. 
Bichromate  of  potash  and  Miiller's  fluid,  chloride  of  gold,  and 
even  osmic  acid,  are  not  so  good ;  the  cell-substance  has  a  ten- 
dency to  swell  up  too  much.  But  also  when  using  the  first- 
named  reagents  it  is  necessary  that  the  tissue  should  be  fresh. 
I  have  found  that  the  lapse  of  only  a  few  hours  between  death 
and  hardening  is  capable  of  spoiling  the  appearance  to  a  con- 
siderable extent. 

When  epithelial  cells  of  villi  of  small  intestine  of  dog,  cat, 
or  pig  are  examined  in  the  perfectly  fresh  condition  in  serum, 
the  fibrillar  nature,  especially  the  longitudinal  fibrils  of  the  cell- 
substance,  comes  out  very  distinctly,  although  the  cell-substance 
appears  as  if  uniformly  granular ;  careful  focussing  dissolves 
this  into  its  true  nature,  viz.,  beiug  the  expression  of  fibrils  seen 
in  optical  section.  But  when  the  epithelial  cells  b^in  to 
undergo  disintegrating  changes,  su<ih  as  constantly  happen  some 
little  time  after  death,  or  after  the  application  of  pressure,  or — 
what  is  always  the  easiest  and  best  means — after  the  addition  of 
distilled  water,  the  fibrillar  nature  is  lost,  the  network  becoming 
broken  up  into  irregular  unequal  fragments ;  and  now  the  cell- 
substance  presents  the  appearance  as  if  irregularly  and  coarsely 
granular.  I  have  repeated  these  observations  so  often  with  the 
same  result  that  I  am  inclined  to  think  that  when  the  substance 
of  the  epithelial  cells  of  villi  appears  uniformly  '*  granular,'^  these 
granules  are  the  optical  sections  of  the  fibrils  of  the  intracellular 
network,  but  when  this  substance  appears  to  contain  irregular, 
i.  e.  unequal  granules,  this  is  most  probably  due  to  a  disintegra- 
tion of  the  intracellular  network,  or  to  the  presence  of  fat-granules. 

The  nucleus  of  these  epithelial  cells  is  oval,  and  possess  within 
its  membrane  a  distinct  network  of  fibrils  similar  to  that  de- 
scribed in  nuclei  in  my  first  paper.  There  is  no  nucleolus 
present,  but  we  see  small  bright  dots  in  the  nodes  of  the 
network,  amongst  which  we  recognise  occasionally  one  or  two 
somewhat  larger  than  the  rest.  In  my  first  paper  I  have  stated  that 
the  majority  of  the  bright  dots  in  the  network  of  the  nuclei  of 
cells  in  the  newt  are  due  merely  to  optical  sections  of  the  fibrils 
of  that  network,  and  that  the  larger  particles  are  local  thickenings 
of  the  fibrils,  either  naturd  or  artificial,  i.e.  owing  to  the 
shrivelling  up  of  them.  This  same  interpretation  1  Lave  to 
appbr  also  to  the  nuclei  of  the  intestinal  epithelium  of  mammals. 
As  I  mentioned  in  my  first  paper,  Heitzmann  describes  in  various 
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cells  the  nucleus  as  containing  a  nucleolus^  from  which  fibrils  pass 
in  a  radial  direction  outwards  into  the  surrounding  cell-substance^ 
where  they  form  a  network.  That  the  small  regular  dots  present 
in  the  intranuclear  network  are  merely  optical  sections  of  fibrils^  as 
also  maintained  by  Eimer^^  I  have  not  the  least  doubt  of^  sJthough 
Balfour^  in  his  paper  on  the  structure  and  development  of  vertebrate 
ovary,*  does  not  accept  this  interpretation  for  the  bright  dots  in  the 
reticiUum  of  the  germinal  vesicle.  Looking  at  some  of  his 
figures,  e,g,  figs.  8, 16,  18,  I  recognise  the  very  identical  ap- 
pearances, i,e,  uniform  dots  in  the  nodes  of  the  network,  and  I 
should  think  a  high  power,  very  good  light  and  careful  focussing 
would  show  that  my  interpretation  is  the  correct  one.  That 
the  larger  particles  occasionally  to  be  noticed  in  the  network  are 
the  remains  of  the  substance  out  of  which  the  network  is  de- 
veloped, as  Balfour  maintains  in  the  case  of  the  germinal 
vesicle,  I  have  no  doubt  is  the  true  explanation  also  of  the 
natural  local  accumulations  which  were  noticed  by  me  in  some 
nuclei  of  the  cells  of  newt,  and  which  may  be  seen  also  in  some 
of  those  of  the  intestinal  epithelium.  So  that  we  both  agree 
with  Schwalbe,^  who,  as  I  have  mentioned  in  my  first  paper, 
regards  the  nucleolus  and  other  large  particles  in  the  nucleus 
as  of  transitory  value  in  the  developmental  history  of  this  organ. 
From  my  own  experience  I  am  led  to  conclude  that  in  the 
development  of  the  cell-nucleus  a  stage  is  reached — in  some  pro- 
bably sooner  than  in  others — in  which  the  intranuclear  network 
may  be  regarded  as  fully  formed,  being  uniformly  constituted 
and  without  containing  any  more  of  those  large  particles.  Such 
nuclei  may  be  met  with  in  large  numbers  in  the  epithelial  cells 
of  stomach  of  newt,  in  the  endothelial  and  unstripea  muscle  cells 
of  mesentery  of  newt,  and  also  in  the  epithelial  cells  of  intestine 
of  mammals.  In  all  these  organs  most  nuclei  contain  a  uniform 
reticulum  without  any  large  particles.  The  small  uniform  dots 
present  in  them,  I  repeat,  are  only  optical  sections  of  fibrils. 

I  should  invite  my  friend  Mr.  Balfour  to  consider  the  following  simple 
proposition :  the  intranuclear  as  well  as  the  intracellular  network  having,  of 
course,  three  dimensions,  includes  fibrils  that  lie  in  the  two  dimensions  of 
the  plan  of  the  field  of  the  microscope,  as  well  as  fibrils  placed  vertically  to  it. 
The  former  appear,  of  course,  as  fibrils  ;  but,  I  should  like  to  ask,  as 
what  do  the  letter  appear,  i .  e.  those  situated  vertically  P  ClearW  as  dots, 
because  they  are  seen  endwise ;  and  for  obvious  reasons  most  of  them  lie 
in  the  nodes  of  the  network. 

The  above  stage  of  ripeness,  if  I  may  be  allowed  to  call  it  so, 

'  '  Archiv.  f  mikroskop.  Anatomic,'  Band,  xiv,  p.  103. 
»  This  Journal,  vol.  xviii  (New  Ser.),  October,  1878,  p.  437. 
'  **  Bemerk.  uber  d.  Eenn.  d.  Gkmglienzellen,"  '  Jenaiscb.  Zeitschr.,' 
Band  x,  p.  26. 
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i.e.  the  uniform  network  with  uniform  bright  dots  in  its  nodes^ 
belongs  to  the  adult  condition  of  the  nucleus.  But  this  is  not 
necessarily  limited  to  cells  of  the  adult,  for  the  nucleus  of  a  cell 
in  the  embryo  passes  iust  as  much  through  a  whole  developmental 
cycle  as  that  of  a  cell  in  the  adult.  Cells  of  the  adult,  as  well 
as  of  the  embryo,  become  mother-cells,  and  their  nucleus,  as  is 
now  well  known,  undergoes  a  series  of  remarkable  changes,  the 
last  stage  of  which,  i.e.  that  of  ripeness,  is  the  above  condition 
of  a  uniform  network. 

In  conformity  with  this  we  find  in  the  earliest,  as  well  as  latest 
stages  of  the  embryonal  life,  vast  numbers  of  nuclei,  which  contain 
just  as  uniform  a  network  as  the  nuclei  of  smaU  cells  of  the 
adult ;  besides  these,  there  are  others  in  which  this  network  is 
not  so  well  developed.  The  same  may  be  said  of  the  nuclei  in 
the  cells  of  the  aault.  In  this  respect  I  quite  agree  with  what 
Balfour  says  in  his  paper  of  the  history  of  the  reticulum  in  the 
ova,  although  I  am  under  the  impression  that  the  nuclei  of  the 
primitive  ova,  as  depicted  in  fig.  1  of  Plate  XYII  of  his  paper, 
of  which  he  says  that  they  contain  a  uniformly  granular  matter, 
may  in  reality  already  include  a  network,  the  fibnls  of  which  are 
very  short.  I  shall  have  occasion  later  on  to  refer  to  the  nuclei 
of  the  epithelium  of  seminal  tubes  of  mammals  as  containing  a 
dense  network  of  very  short  fibrils  or  rods;  the  appearances 
presented  here  are  in  many  respects  similar  to  those  of  the  nuclei 
of  the  primitive  ova  in  the  above-named  fig.  1  in  Balfour's 

faper,  but  in  the  case  of  the  nuclei  of  the  seminal  epithelium 
am  able  to  trace  the  reticulum  very  distinctly. 

I  shall  have  several  times  occasion  to  return  to  the  question  of 
the  nucleolus  in  the  different  epithelial  and  gland-ceUs  which  I 
shall  have  to  describe  in  this  paper,  and  I  will  limit  myself  to  say 
here  with  regard  to  the  nucleus  of  the  epithelial  cells  of  the  in- 
testine, that  in  many  instances  there  is  no  trace  of  a  nucleolus, 
and  that  in  some  instances  there  are  one  or  two  larger  particles 
contained  in  the  reticulum,  the  significance  of  which  I  have 
explained  above. 

The  intranuclear  and  intracellular  network  are  in  connection 
with  each  other,  just  as  I  described  it  in  the  case  of  the  epi- 
thelial cells  of  the  stomach  of  newt. 

In  some  nuclei  there  exists  a  special  arrangement  of  the  intra- 
nuclear network  in  the  presence  of  a  layer  of  circular  fibrils 
situated  next  the  membrane,  and  arranged  parallel  to  the  surface 
of  the  nucleus.  These  fibrils  being  occasionally  viewed  perpen- 
dicularly are  seen  as  a  row  of  dots  next  the  membrane  of  the 
nucleus.  A  similar  arrangement  had  been  noticed  also  by 
Eimer/  who  describes  in  some  nuclei  of  cells  of  Salamandra, 

*  Jioc,  cit.,  p.  109, 
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Aegineta^  Garmarina  hastata^  a  peripheral  '^  zone  of  granuleB^^ 
(Kornchenkreis)^  due  to  the  above  circular  fibrils.  In  the  case 
of  the  nuclei  of  the  epithelial  cells  of  intestine  and  other  organs 
of  mammals  this  arrangement  is  not  of  a  general  character^  as  it 
is  absent  in  many  instances.  I  have  seen  it  only  rarely  in  the 
nuclei  of  the  cells  of  stomach  and  mesentery  of  newt.  But 
whenever  the  nucleus  contains  next  its  membrane  a  regular  row 
of  granules,  it  may  be  taken  as  certain  that  this  is  an  index  for 
the  circular  Bbrils.  I  am  inclined  to  think  the  same  of  the  row 
of  dots  in  the  germinal  vesicle  of  the  ovum^  represented  by  Bal- 
four in  fig.  2,1  on  PL  XYIII^  although  Balfour  does  not  notice 
anything  of  a  network  in  this  germinal  vesicle. 

As  is  well  known,  the  epithelial  cells  covering  the  villi  of 
small  intestine  and  the  mucous  membrane  of  large  intestine,  as 
well  as  those  lining  the  crypts  of  Lieberkiihn,  possess  at  their 
free  border  a  fine  longitudinal  striation,  which,  as  had  been  first 
proved  by  Brettauer  and  Steinach,^  is  due  to  its  being  composed 
of  minute  rods.  Thanhoffer'  maintains  for  the  duodenal  epi- 
thelial cells  of  frog  that  the  above  fine  striation  is  the  expression 
of  contractile  processes  of  the  protaplasm  of  the  cells,  vv^hich 
processes  are  said  to  play  an  important  part  in  the  absorption  of 
fat.  Fortuuatow^,  however,  while  opposing  this  view  of  Than- 
hoffer's,  mentions  the  presence  of  short  protoplasmic  processes  as 
cilia  in  the  above  epithelial  ceUs  of  &og. 

In  the  case  of  the  ciliated  epithelial  cells  of  the  foregut  of 
newt,  I  have  mentioned  in  my  first  paper  that  the  cilia  are  dis- 
tinct prolongations  of  the  fibrils  of  tne  intracellular  network,  and 
in  this  respect  I  was  at  one  with  Eberth,  Marchi,  Eimer,  and  Nuss- 
baum.  Tne  same  relation  I  notice  also  to  exist  with  regard  to  the 
striated  border  of  the  intestinal  epithelial  cells,  viz.  that  the  stria- 
tion is  due  to  Jine  fibrils  projecting  a  short  distance  beyond  the 
general  intracellular  network  (fig.  1) .  I  cannot  definitely  decide 
whether  the  bright  thick  cuticle,  which  apparently  lies  on  the 
free  surface  of  the  epithelial  cells,  and  which  apparently  contains 
these  fine  strise,  is  really  a  cuticle  covering  the  cells — as  is  repre- 
sented by  most  histologists  since  that  bright  cuticle  was  first 
observed  by  Henle — or  is,  on  the  contrary,  only  a  substance 
arranged  around  the  free  border  of  the  cells  without  covering 
the  latter,  Le.  is  a  projection  of  the  interepithelial  substance,  as 
maintained  by  Thanhoffer  with  Lenhoss^k. 

I  know  of  one  fact  which  seems  to  me  to  show  in  a  clear 
manner  that  the  fine  strise,  i.e.  the  fine  fibrils  projecting  from  the 

^  'Sitzungsber.  d.  Eais.  Akadem.  d.  Wiss./  1867. 
»  Pfliiger^s  '  Archiv/  viii,  p.  391,  and  « Centralblatt  f.  med.  Wiss./  1876, 
No.  «3,  p.  401. 
3  Pfliiger's  *  Archiv,'  Bd.  xiv,  p.  S85. 
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free  surface  of  the  epithelial  cells  covering  the  villi^  are  independent 
of  the  above  bright  cuticle  or  border  suostance.  I  have^  namely^ 
seen  in  sections  of  villi  of  small  intestine^  and  also  in  sections  of 
large  intestine  of  pig — the  intestine  had  been  hardened  in  the 
mixture  of  chromic  acid  and  spirit — groups  of  epithelial  cells  in 
which  the  projecting  fibrils  could  be  very  beautifully  seen  mtA- 
out  any  hnght  border  substance  being  present.  There  were  other 
groups  of  epithelial  cells  in  which  the  other  arrangement  pre- 
vailed, viz.  the  striae  seen  more  or  less  dimly  apparently  in  the 
bright  border  substance.  Arguing  from  this  fact,  one  might 
say  that  if  those  projecting  fibrils  can  be  present  without  that 
bright  border  substance,  they  cannot  be  contained  in  it,  for  if  so 
the  absence  of  one  must  necessitate  the  absence  also  of  the  other. 

But  before  definitely  accepting  this,  we  have  to  see  whether 
this  same  appearance  can  be  observed  also  in  the  intestine  of  other 
animals,  especially  carnivorous  animals,  where  this  bright  border- 
substance  is  present  to  a  very  considerable  extent.  And  I  have 
indeed  noticed  on  villi  of  small  intestine  of  dog  and  cat  that  in 
some  parts  the  epithelial  cells  show  beautiful  fibrils  projecting 
beyond  the  free  border  without  there  being  present  any  bright 
border  substance. 

{b)  Of  Lieberkiihn's  crypts. — ^The  epithelial  cells  lining  the 
crypts  of  Lieberkiihn  are  identical  with  those  of  the  surface  of 
the  mucous  membrane,  both  as  regards  the  structure  of  the  cell 
substance  and  that  of  the  nucleus  (see  fig.  2,  PL  VII).  AllI 
said  above  about  the  arrangement  of  the  intracellular  and  intra- 
nuclear network  applies  also  to  the  epithelium,  and  it  is  therefore 
unnecessary  again  to  repeat  it.^  True,  there  are  certain  differ- 
ences, but  these  refer  merely  to  the  shape  and  size  of  the  cell 
and  its  nucleus.  Thus,  comparing  the  epithelium  lining  Lie- 
berkiihn's  crypts  of  the  small  intestine  with  that  coverinff 
the  villi — of  course  in  the  same  animal — it  will  be  found 
that  the  epithelial  cells  of  the  latter  are  conspicuously  longer, 
Le,  more  columnar  than  those  of  the  former,  and  that  the 
nucleus  of  the  epithelial  cells  of  the  villi  is  more  regularly 
elliptical  than  that  of  the  epithelial  cells  Uning  the  crypts  of 
Lieberkiihn  in  the  same  parts,  the  nucleus  in  many  cells  of  the 
latter  being  circular.      Again,  comparing  the  epithelium  lining 

^  F.  £.  Scbulze,  in  his  work  on  epithelial  and  goblet  cells,  to  be  referred 
to  several  times  in  the  foUowinji^  pages,  maintains  that  the  epithelial  cells 
of  the  crypts  of  Lieberkiihn  difiTer  from  those  covering  the  villi,  inasmuch 
as  the  free  border  of  the  former  is  open,  whereas  that  of  the  latter  is  closed 
by  the  tliick  bright  border  substance  mentioned  above.  This  distinction 
cannot  be,  however,  admitted,  because  there  is  in  both  instances  the  same 
bright  border  substance  and  the  same  striation  of  it,  and  consequently  the 
explanation  of  the  nature  of  these  appearances  must  be  the  same  in  both 
kinds  of  epithelial  cells. 
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the  crypts  of  LieberkiOm  of  the  small  intestine  with  those  of  the 
large  intestine— of  course  in  the  same  animal — it  will  be  found 
as  a  rule  that  the  epithelial  cells  are  longer  in  the  latter  than  in 
the  former  locality.  Besides  these  permanent  differences  in  size 
of  the  epithelial  cells  of  the  crjpts^  there  are  others  that  are  only 
temporary^  being  dependent  on  the  state  of  distension  of  the 
crypt.  Thus  we  notice  in  the  large  intestine  in  some  places  a 
considerable  difference  in  the  size  of  adjoining  crypts,  and  also 
in  the  length  of  the  epithelial  cells  lining  them,  ror  example, 
I  find  in  an  horizontal^  section  through  large  intestine  of  pig  as 
the  mean  of  several  measurements : — 

a.  Diameter  of  crypt    ....    0'067  mm.  to  0*048  mm. 

b.  Diameter  of  lumen  ....    0*031  mm.  to  0013  mm. 

In  a  the  length  of  the  epithelial  cells  is  about  0*022  mm. ;  in 
b  it  is  about  0*015  mm. ;  tne  greatest  length  of  the  epithelial 
cells  in  general  is  here  0*027  mm. ;  the  smallest  0*01  mm. 

Now,  the  longest  epithelial  cells  are  not  always  found  in  the 
largest  nor  the  shortest  cells  in  the  smallest  crypts^  nor  do  we 
find  the  length  of  the  lining  epithelial  cells  the  same  throughout 
one  and  the  same  crypt.  Thus,  for  instance,  I  find  in  a  good 
many  places  the  length  of  the  epithelial  cells  in  the  middle  part 
only  half  or  two  thirds  of  those  lining  the  mouth  and  the 
fundus  of  the  same  crypt.  Passingly  I  may  mention  that  in 
the  short  epithelial  cells  the  nucleus  is  always  spherical. 

As  a  rule  it  may  be  taken  as  correct  that,  cateris  paribus,  the 
length  of  the  epithelial  cells  varies  according  to  the  state  of 
distension  of  the  crjrpt,  or  according  to  the  amount  of  mucous 
secretion  present  in  the  cavity  of  the  crypt.  Thus  I  measure  in 
some  crypts,  distended  by  mucous  secretion,  a  lumen  of  0*054 
mm.,  the  whole  transverse  diameter  being  only  0*071  mm. ;  that 
is  to  say,  the  length  of  the  lining  epithelial  cells  is  only  0*011 
mm.  In  another  place  I  find  a  crypt  with  a  lumen  of  only 
0*01  mm.  in  diameter,  whereas  the  whole  transverse  diameter 
amounts  to  0*067  mm. ;  this  gives  0*027  mm.  as  the  length  of 
the  epithelial  cells.    Such  examples  I  could  multiply  ad  libilum. 

It  seems  to  me  probable  that  also  the  state  of  contraction  of 
the  mucosa,  L  e.  the  tissue  surrounding  the  crypts,  has  something 
to  do  with  the  length  of  the  epithelial  cells  lining  them; 
the  contracted  state  of  the  crypts,  if  I  may  be  allowed  to  use 
such  a  term  to  indicate  those  tubes  that  have  a  thick  epithelial 
lining  and  a  small  lumen,  seems  to  point  in  that  direction. 
Whether  the  epithelial  cells  themselves  have  the  power  to  actively 

^  The  above  measurements  refer  only  to  horizontal  sections  and  to 
such  crypts,  which,  by  their  circular  outline,  may  be  regarded  cut  exactly 
transversely. 
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contract  and  expand^  and  thereby  to  change  the  relation  between 
the  thickness  oi  the  whole  epithelial  lining  and  the  size  of  the 
lumen,  as  Engelmann  found  it  to  be  the  case  in  the  small  glands  of 
the  nictatory  membrane  of  frog,  I  am  not  in  a  position  to  affirm 
or  to  deny.  But  there  seems  to  be  one  fact  that  might  be  taken 
as  poiating  towards  a  similar  relation  as  that  in  Engelmann's  case., 
viz.  the  fact  that  there  are  a  good  manj  crypts  in  which,  without 
any  formed  matter  being  found  in  the  lumen,  this  latter  (lumen) 
is  more  or  less  distended,  and  the  lining  epithelial  cells  propor- 
tionately shortened.  This,bowever,  admits  also  of  another  teplana- 
tion,  which  will  appear  later  on  in  connection  with  the  submaxil- 
lary and  other  glands.  The  longer  the  epithelial  cells  the  more 
distinct  do  they  show  the  longitudinal  arrangement  of  the  fibrils 
of  the  intercellular  network. 

This  change  of  the  shape  of  the  epithelial  cells  under  different 
conditions  is  a  subject  which  does  not  seem  to  me  to  have 
received  sufficient  attention  yet.  I  shall  have  occasion  in  another 
paper  to  describe  in  detail  my  observations  with  regard  to  this 
subject,  but  I  wish  only  here  to  mention  a  few  facte  necessaty 
for  the  interpretation  oi  the  above  appearances.  I  have  shown  ^ 
that  the  endothelium  covering  the  pulmonary  pleura  changes  ite 
shape  during  the  respiratory  movemente  of  the  lung,  inasmuch 
as  the  iadividual  endothelial  plates  become  flattened  during  the 
maximum  of  inspiration,  and  return  again  to  their  previous  shape 
during  expiration.  Kiittner^  has  shown  that  with  the  firat 
inspiration  the  epithelial  cells  lining  the  alveoli  of  the  lung  change 
from  columnar  cells  into  flat  cells,  and  this  shape  they  retain  in 
the  post-foetal  lung.  But  I  have  convinced  myself  that  also  in 
the  adult  during  respiration  some  epithelial  cells  of  the  air- 
vesicles  and  also  of  the  bronchi  undergo  a  change  of  shape. 
As  is  known  since  Elenz  and  others,  the  lining  of  the  alveoli  of 
most  mammals — especially  cat — contain  amongst  the  ordinary 
flat  epithelial  cells  small  cubical  cells  arranged  singly  or  in  groups. 
F.  £.  Schultze  ^  has  very  carefully  described  and  figured  these 
appearances. 

I  find  that  those  air-vesicles  of  lung  of  cat  that  are  in  a  state 
of  expansion,  such  as  is  the  case  in  a  deep  inspiration,  possess 
very  few  of  these  small  epithelial  cells  amongst  the  ordinary 
flat  ones,  their  number  being  considerably  greater  if  the  air- 
vesicles  are  contracted,  such  as  is  the  case  in  a  deep  expiration. 
These  small  cubical  cells  appear  to  be  more  "  granular  ^'  than  the 
other  large  flat  cells,  which  are  more  or  less  hyaline.    I  am, 

*  *  Anatomy  of  the  Lymphatic  System/  ii.  Part  1,  *'  The  Lungs/*  p.  2, 
'  Virchow's  '  Archiv,  Band  Ixvi,  p.  12,  el  passim, 

•  Strieker's  'Handbook of  Histology/  chapter  ''The  Lung/' 
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therefore^  led  to  conclude  that  these  small  cubical  cells  are 
capable  of  expansion  and  contraction.  In  the  first  instance  they 
are  transparent,  large  and  flat  cells,  in  the  second  they  are  less 
transparent,  more  granular,  smaller  and  more  cubical.  During 
deej)  inspiration  the  increase  of  volume  of  the  air  vesicles  ne- 
cessitates an  increase  of  surface  of  the  lining  epithelium,  and 
this  takes  place  partly  at  the  expense  of  those  smaU  cells,  whereas 
during  a  deep  expiration  the  reduction  in  surface  produces  again 
a  reduction  of  some  of  the  large  flat  cells  into  small  cubical 
elements.  Thus  we  have  precisely  the  same  condition  as  that 
in  the  endothelium  of  the  surface  of  the  pulmonary  pleura. 
But  I  find  also  a  similar  relation  to  exist  with  regard  to  the 
epithelium  of  the  smallest  bronchi. 

If  in  a  section  of  lung  I  compare  a  minute  bronchus,  which — 
judging  by  the  thinness  of  its  muscular  coat  and  by  the  large 
size  of  its  lumen — is  to  be  regarded  as  being  in  a  distended  con- 
dition, with  one  that — ^judging  from  the  opposite  appearances, 
viz.  thickness  of  muscular  coat  and  smallness  of  lumen — is  in 
a  contracted  state,  I  notice  a  distinct  change  in  the  thickness  of 
the  epithelium.  In  the  one  case  the  epithelium  is  composed  of 
a  single  layer  of  short  columnar  cells  ;  in  the  other  the  cells  are 
very  elongated,  and  even  so  placed  as  to  resemble  laminated  cells. 
A  similar  difference  has  been  pointed  out  by  Arnold^  with  regard 
to  the  epithelium  covering  the  mucous  membrane  of  the  tongue 
of  frog,  viz.  that  the  epithelium  is  composed  of  a  single  layer 
of  cells  (grooves  between  papillae),  but  appears  laminated  where 
the  cells  are  more  pushed  together  (papillae  themselves). 

With  reference  to  the  bronchi,  I  am  quite  aware  that  it  may 
be  urged  that  except  by  comparing  two  bronchi  of  exactly  the 
same  order  no  definite  conclusion  can  be  arrived  at  as  regards 
the  relative  thickness  of  the  different  parts;  and  I  do  not 
say  that  in  arriving  at  the  above  conclusion  I  have  made  absolute 
measurements.  But  it  must  be  admitted  that  even  without  such 
it  is  perfectly  possible  to  say  in  a  given  preparation  whether  two 
bronchi  are  approximately  belonging  to  the  same  order,  and  which 
of  them  is  contracted  and  which  not,  I  presume  any  one  who 
has  some  experience  in  the  examination  of  microscopic  sections 
will  be  capable  of  determining  approximately  whether,  e,g,  two 
arteries  seen  in  transverse  section,  but  of  which  one  is  contracted 
the  other  distended,  are  approximately  of  the  same  order. 

From  all  I  have  seen  it  seems  probable  that  passing  from  the 
maximum  of  a  deep  inspiration  to  that  of  a  deep  expiration  the 
epithelial  cells  lining  a  minute  bronchus  change  from  the  elon- 
gated shape  into  that  of  a  short  columnar  cell. 

'  Virchow*s  *  Archiv/  Band  ixiv,  p.  203,  and  passim, 
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In  all  these  cases  of  change  of  shape  of  the  epithelial  cells 
we  have  probably  to  do  with  a  definite  function  which  is  of  im- 
portance  to  the  epithelium.  If  these  epithelial  cells  were  not 
provided  with  this  high  amount  of  contractility  and  elasticity  it 
is  very  likely  that  serious  mechanical  injury  might  be  inflicted 
on  the  epithelium  as  a  whole^  if  this  should  be  called  upon  sud- 
denly to  cover  a  surface  greatly  larger  than  at  a  preceding  moment. 

One  of  the  best  illustrations  of  this  kind  is  the  epithelium 
of  the  urinary  bladder.  In  a  vertical  section  made  through  the 
mucous  membrane  of  a  bladder  hardened  in  the  expanded  con- 
dition we  notice  that  the  epithelium  is  considerably  thinner  than 
if  the  bladder  had  been  allowed  first  to  shrink.  In  the  latter 
instance  the  epithelium  consists  of  many  more  laminae  than  in 
the  former.  [Of  course  I  am  not  referring  to  the  distortion  that 
takes  place  if  the  bladder  is  extended  artificially  beyond  a  certain 
degree.]  To  the  <;hange  in  shape  of  the  epithelial  cells  of  the 
laminated  epithelium  of  the  skin  and  mucous  membranes  I  shall 
have  to  return  later  on* 

The  gohlei  cells  which  are  found  amongst  the  epithelial  cells 
of  the  surface,  and  amongst  those  of  the  crypts  of  Lieberktihn, 
show,  just  like  those  in  the  stomach  of  newt,  the  intracellular 
network  ;  its  meshes  are  wider  than  in  the  ordinary  epithelial  cells 
on  account  of  the  presence  of  mucin,i  which,  as  I  mentioned  in 
my  first  paper,  is  contained  in  the  meshes  of  the  network.  In 
hsematoxylm  specimens  the  contents  of  the  goblet  cell  is  stained 
in  a  deep  purple-blue  colour,  and  on  account  of  this  it  is  by  no 
means  an  easy  matter  to  distinguish  the  network ;  but  if  the 
specimen  be  only  slightly  stained  with  hsematoxylin,  or  still 
better,  if  the  sections  are  stained  with  picrocarmine,  the  network 
comes  out  with  suflBcient  distinctness.  Thin  sections  of  intestine 
of  pig,  dog,  or  -cat  (hardened  in  mixture  of  chromic  acid  and 
spirit),  are  those  in  which  the  network  rf  fibrils  in  the 
goblet  cells  can  be  made  out  distinctly.  Fig.  3  represents 
such  a  goblet  cell,  in  ^  as  viewed  from  the  surface,  in  b  from 
the  side.  Although  the  nucleus  of  the  cell  had  been  pressed 
downwards  as  far  as  possible,  while  the  interfibrillar  or  inter- 
stitial substance  had  swollen  up  to  the  extent  as  to  change  the 
shape  of  the  ordinary  columnar  cell  into  that  of  the  goblet,^ 
it  is  still  possible  to  discern  that  there  is  a  connection  between 

^  That  the  goblet-cells  contain  mucin,  ^rbich  is  poured  out  by  them,  has 
been  known  to  Briicke,  and  has  been  carefully  worked  out,  besides  other 
things,  by  F.  E.  Schulze,  in  '  Archiv  f.  mikrosk.  Anatomie,'  Band  3. 

'  The  knowledge  that  the  goblet  ceUs  are  derived  from  ordinary  columnar 
epithelial  cells  we  owe  to  the  researches  of  Brucke,  Strieker,  and  especiaUy 
to  F.  E.  Schulze, 
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the  fibrils  of  the  intracellalar  network  and  the  nucleus^  although 
of  the  network  of  this  latter,  for  obvious  reasons,  little  can  be 
made  out. 

From  these  facts  it  apnears  to  me  that  the  discussion  whether 
ffoblet  cells  are  still  to  be  regarded  as  living  cells,  or  only  as 
degenerated  forms  of  them,  loses  much  of  its  ground,  for  the 
goblet  cell  is  possessed  of  precisely  the  same  structural  attributes 
as  the  ordinary  columnar  epithelial  cell  from  which  it  i&  derived, 
viz.  intracellular  network  of  fibrils,  nucleus,  and  a  connection 
between  the  two.  The  goblet  cell  differs  from  the  ordinary 
epithelial  cell  only  in  so  far  as  the  interfibrillar  or  interstitial 
substance — which  is  very  scarce  in  the  latter — has  changed  into 
hygroscopic  mucin  (or  mucigen),  and  thereby  has  swollen  up  to 
an  extreme  degree,  in  consequence  of  which  the  network  has  be- 
come much  more  opened,  and  the  shape  of  the  ordinary  epithelial 
cell  has  changed  into  the  characteristic  goblet.  Granted  goblet 
cells  are  present  abready  during  life,  if  they  were  due  to  a  de- 
generation of  the  ordinary  epithelial  cells  it  would  be  necessary 
to  assume  that  they  have  to  be  got  rid  of  by  the  mucosa,  and 
that  the  non-degenerated  epithelium  had  to  make  up  for  the 
defect  thus  created. 

Now,  it  would  be  impossible  to  accept  this  last  assumption 
if  we  bear  in  mind  that  m  some  intestines  the  number  of  goblet 
cells  is  far  greater  than  that  of  the  ordinary  epithelial  cells. 

If  part  of  jejunum  of  a  half-srown  dog  be  examined  three  to 
four  hours  after  partaking  of  food,  the  epithelium  will  be  found  to 
abound  in  goblet  cells,  both  that  of  the  surface  as  well  as  that  of 
Lieberkiihn^s  crypts.  In  sections  hardened  with  spirit^  this  will 
be  seen  verified.  But  comparing  with  this  the  jejunum  of  a  dog  of 
about  the  same  age  that  had  not  been  fed  for  ten  to  twelve  hours, 
it  will  be  found  that  the  number  of  goblet  cells  is  greatly  smaller. 
This  very  well  agrees  with  the  assertions  of  F.  E.  Schulze,  that 
the  goblet  cell  is  a  particular  stage  in  the  mucous  secretion  of 
the  ordinary  columnar  epithelial  cell.  I  have  sections  through 
the  jejunum  (hardened  in  spirit)  of  cat,  in  which  both  the 
epithelium  lining  the  crypts  of  Lieberkiihn  and  those  covering  the 
villi  contain  many  goblet  cells.  Those  at  the  top  of  the  villi  possess 
still  their  mucin — marked  by  the  deep  purple-blue  staining — 
those  at  the  sides  and  base  of  villi  and  of  the  crypts  have  got 
rid  of  it,  their  contents  being  quite  unstained  ;^  and  it  is  in  these 

^  Since  Lipsky  it  is  well  known  that  chromic  acid  hardening  increases 
the  number  of  goblet  cells,  but  spirit  has  no  such  tendency. 

'  I  am,  however,  not  quite  certain  whether  this  condition  does  not 
correspond  rather  to  a  state,  when  the  meshes  of  the  intracellular  network 
contain  mucigen — that  does  not  stain  in  hsematoxylin ;  so  that  this  state 
would  precede  the  one,  when  the  co^te^ts  of  that  network  is  mucin,  t.  e, 
does  stain  in  hematoxylin. 
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that  the  fine  intracellalar  network  can  be  made  out  with  a  good 
power  like  Zeiss'  ¥,  or  Hartnack's  immersion  No.  10. 

The  intermediary  forms  between  ordinary  epithelial  cells  and 
goblet  cells  that  one  meets  amongst  the  epithelium  of  intestine 
trachea^  &c.,  appear  to  me  to  be  just  as  likely  indicating  the 
return  of  goblet  cells  to  ordinary  epithelial  cells  as  they  are 
generally  assumed  to  be  the  reverse. 

2.  Tke  CiUated  Epithelial  Cells  of  Epididymis. 

Since  O.Becker^Ht  is  known  that  the  epithelium  of  the  epididymis 
is  composed  of  ciliated  columnar  cells.  They  are  always  described 
as  consisting  of  granular  protoplasm^  and  containing  an  oblong 
nucleus  and  nucleolus.  Examining  sections  through  the  epi- 
didymis, hardened  in  spirit,  of  half  or  full  grown  dog,  it  will  be 
seen  that  the  substance  of  the  epithelial  cells  is  not  ^'  granular 
protoplasm,"  but  is  very  distinctly  longitudinally  striated,  being 
composed  of  minute  fibrils,  arranged  chiefly  parallel  to  the  long 
axis.  Under  a  higher  power  these  fibrils  can  be  traced  through 
what  seems  to  be  the  thickened  free  border  of  the  cell,  and  pro- 
jecting as  the  well-known  excessively  long  cilia.  In  thin  sections 
through  hardened  epididymis  of  dog,  the  lymphatics  of  which  organ 
had  been  previously  injected  by  *' puncture ''  with  a  2  per  cent, 
watery  solution  of  Briicke's  Berlin  blue,  I  have  no  difficulty  what- 
ever to  trace  the  connection  between  the  fibrils  of  the  cell-substance 
and  the  cilia,  even  only  with  a  moderately  high  power,  such  as 
Zeiss'  D  or  E,  or  Crouch's  i? 

The  fibrils  constituting  the  principal  part  of  the  cell-substance 
are,  however,  connected  by  short  lateral  branches  into  a  network, 
and  the  '^  granules ''  that  may  be  seen  along  and  between  them 
are  like  those  in  the  intestinal  and  other  epithelial  cells,  men- 
tioned previously,  due  to  optical  sections  of  fibrils  (see  fig.  10  of 
Plate  VII). 

The  nucleus  is  elliptical,  and  contains  a  distinct  network  with 
the  usual  bright  dots  in  the  nodes.  The  network  is  either 
uniform,  like  that  found  in  the  nuclei  of  epithelial  and  endo- 
thelial cells  of  newt,  described  in  the  first  part  of  this  paper,  or 
there  is  next  the  membrane  a  special  layer  of  circular  fibrils 
connected  by  radial  branchlets  with  the  more  central  parts.  The 
bright  dots  are  either  of  uniform  size,  and  situated  in  the  nodes, 
being  optical  sections  of  fibrils,  or  there  is  one  or  two  larger 

E articles — ^nucleoli — found  in  the  network.    The  nuclei  of  the 
itter  kind — i.  e.  with  large  particles — are  in  some  places  fewer 

^  Moleschott's  « Unters./  ii,  1856. 

'  This  lens  is  certainly  a  very  excellent  glass ;  its  definition  is  as  good 
as  any  Hartnack's  7 — ^to  which  it  corresponds  in  magnifying  power — 
that  I  have  examined. 
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than  in  others.  The  fibrils  of  the  intracellular  network  are  also 
here  directly  connected  with  the  intranuclear  ones ;  hence  the 
membrane  of  the  nucleus  appears  dotted^  owing  to  its  being 
interrupted  by  the  passage  of  those  fibrils. 

The  layer  of  columnar  epithelial  cells  hitherto  described  forms 
one — now  doubt  the  chief — part  of  the  wall  of  a  tube  of  the 
epididymis^  but  there  is  another  layer  of  small  cells  with  nuclei, 
generally  shrunk  and  deeply  stained  in  logwood  specimens,  inside 
the  membrane  (Becker,  Henle,  Kolliker).  This  latter  contains 
a  perceptible  amount  of  unstriped  muscle  fibres  (Henle,  Kolhker). 
See  fig.  9,  Plate  VII. 

The  nuclei  belonging  to  the  columnar  cells  lie,  as  usual,  in  the 
outer  third  of  the  cell-body;  in  sections,  however,  hardened 
simply  in  spirit,  it  appears  as  if  the  nuclei  had  a  more 
irregular  position,  appearing  in  some  cells  in  the  inner,  in  others 
near  the  middle,  and  in  still  others  in  the  outer  part.  Instead 
of  finding  the  nuclei  all  arranged  in  a  definite  zone — speaking  of 
the  epithelium  as  a  whole — we  see  that  they  appear  distributed 
almost  over  the  whole  thickness  of  it  (see  fig.  9,  a),  except  a 
small  inner  zone  that  remains  free  of  them.  This  becomes 
easily  explained  if  we  compare  with  it  a  section  through  epi- 
didymis (of  the  same  animal)  in  which  before  being  placed  in 
spirit  the  lymphatics  had  been  injected ;  that  is  to  say,  the  in- 
tertubular  spaces  having  been  filled  first,  the  organ  was  prevented 
from  shrinking.  Inasectionof  such  an  epididymis  wefind  the  nuclei 
approximately  keeping  within  a  definite  zone  of  the  epithelium. 

Out  of  several  measurements  of  tubes  of  an  epididymis  hardened 
simply  in  spirit  I  find  : 

The  thickness  of  epithelium 0*037    mm. 

The  thickness  of  membrane  (incl.  muscle-fibres)     .    0*0055  mm. 

For  those  of  the  epididymis  of  the  other  side,  having  been 
first  injected  and  then  hardened  in  spirit,  I  find : 

The  thickness  of  epithelium 0*026  mm. 

The  thickness  of  membrane  (incl.  muscle-fibres)      .    0*008  mm. 

That  is  to  say,  the  thickness  of  the  epithelium  of  the  former 
relates  to  that  of  the  latter  as  8  to  2.  The  epithelial  cells  in 
the  former  case  being  more  pushed  together  than  in  the  latter 
give  the  impression  as  if  laminated,  in  the  same  manner  as 
mentioned  by  Arnold  for  the  epithelium  of  the  papillae  of  tongue 
of  frog,  referred  to  on  a  previous  page. 

8.  The  Oland'Cells  in  the  Submaxillari/  Gland, 
(a)  In  the  dog, — As  is  known  from  the  investigations  of 
Heidenhain^  the  gland  cells  of  the  submaxillary  gland  of  dog  are 

'  R.  Heidenhain, '  Studicn  des  physiol.  Institutes'zu  Breslau/  1868. 
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;  any  rate  in  the  qoiesceut  state—'*  mucoos  cells/'  ».  e.  glassy 
transparent  cells  containing  macns.  Lavdowsky^^  whose  work 
on  the  anatomy  and  physiology  of  the  salivary  glands  is  distin- 
guished by  a  great  number  of  important  observations,  fully 
establishes  this  in  showing  that  in  carnivorous  animals  both  the 
orbital  and  submaxillary  glands  are  purely  mucous  glands.  The 
submaxillary  gland  of  man,  however,  differs  in  so  far  from  that 
of  the  dog  that  it  is  a  compound  gland,  including  mucous  and 
true  salivary  gland  (Boll,  Lavdowsky),  and  not  merely  a  mucous 
gUnd,  as  stated  by  Henle.^ 

The  cells  lining  the  lumen  of  the  gland  tubes  (so-called 
alveoli)  are  in  the  submaxillary  gland  of  dog,  as  is  well  known, 
the  central  or  mucous  cells  of  Heidenhain,  and  outside  these  we  find 
the  "crescents^'  of  Gianuzni,  of  which  Heidenhain  has  demonstrated 
that  they  consist  of  a  group  of  granular  or  protoplasmic  cells.  As 
regards  the  former,  viz.  the  central  or  mucous  cells,  Heidenhain^ 
mentions  that  their  substance  is  delicately  striated.  Ewald^  also 
mentions  a  delicate  striation  of  the  mucous  cells, ''  as  though  a 
perfectly  transparent  substance  was  traversed  by  numerous  ex- 
tremely fine  fibrils,'^  and  Lavdowsky  states  that  the  cells  in  the 
quiescent  gland  contain,  besides  mucus,  traces  of  protoplasm  in 
the  shape  of  an  exceedingly  delicate  network  next  the  nucleus 
which,  as  is  well  known,  lies  in  that  stage  more  or  less  compressed 
close  to  the  wall  of  the  gland-tube. 

Heidenhain^  has  asserted  that  during  prolonged  secretion  the 
mucous-cells  are  destroyed,  and  replaced  by  new  cells  formed  out 
of  the  "  crescents,'^  which  new  cells  at  first  are  "  albuminous  cells" 
(Asp.)  i.e,  consist  of  granular  protoplasm  like  the  cells  of  the 
'^crescents,"  but  which  are  determined  to  become  again  trans- 
formed into  "  mucous-cells."  In  this  he  is  supported  by  Boll,® 
who  mentions  the  same  for  the  submaxillary  gland,  especially  of 
guinea  pig. 

The  condition  of  exhaustion  is,  according  to  Heidenhain  and 
Boll,  characterised  by  the  replacing  of  the  transparent  large  mu- 
cous cells  with  parietal  compressed  nucleus,  by  *' granular '' 
smaUer  cells  with  a  spherical  nucleus  placed  more  or  less  cen- 
trally. That  the  gland  cells  possess  a  different  aspect  in  the  two 
concutions  has  been  confirmed  by  Ewald,  Pfliiger  and  others ; 
but  Heidenhain's  explanation  of  this  fact  has  been  contradicted 

»  *  Arcbiv  f.  inikr.  Anatom./  Band  xiii,  p.  287. 

'  <  Systematische  ADatomie,  Eingeweidelchre/  1863,  p.  138. 

»  *  Ber.  d.  K.  Sachs,  Gas.  d.  Wiss.'    Leipeig,  1865. 

^  <  Beitraffe  z.  Histol.  und  Physiol.,  d.  Speicbeld  d.  llandes/  Berlin,  1 870 ; 
mentioned  also  by  Pfluger  in  bis  article  on  *'  Salivary  Glands,'*  in  Strieker*! 
'  Handbook.' 

»  L.  c,  pp.  17  and  28. 

^  '  Arcbiv  f.  Mikr.  Anatom.,'  Band  v,p.  884. 


Digiti 


zed  by  Google 


140  BE.  E.  KLSIK. 

bj  y.  Ebner,  Banvier  and  Ewald.  Ewald^  has  tned  to  show 
what,  however,  is  also  hinted  at  by  v.  Ebner,*  viz.  that  the 
different  aspect  presented  bj  the  gland  cells  in  the  quiescent 
and  exhausted  state  of  the  gland  is  not  due  to  a  destruction  of 
the  one  and  a  new  production  of  the  other  kmd  of  cells,  but  to 
a  direct  change  of  one  into  the  other,  the  *'  mucous  cells ''  being 
convertible  by  abstraction  of  mucous  into  the  'Agranular 
cells/*,  Lavdowsky,^  who  criticises  Ewald's  work  with  what  seems 
to  me  unjustifiable  severity,  contradicts  Ewald  in  many  things 
but  on  several  occasions  in  his  (Lavdowsky's)  paper  he 
makes  assertions  which  appear  to  me  not  irreconcilable  with  the 
principal  proposition  of  Ewald,  and  in  a  tolerably  distinct  oppo- 
sition to  Heiaenhain's  statement.  Lavdowsky,  on  p.  838,  writes 
thus :  *^  We  have  seen  that  in  the  transformation  of  the  mucous- 
cells  there  are  two  processes  going  on  side  by  side,  viz.  the 
diminution  of  mucous  and  the  appearance  of  the  albuminous 
substance.  Further  on  it  becomes  still  more  distinct  that  this 
substance  (i,€,  albuminous  substance)  ^rows  more  and  more  (the 
italics  are  Lavdowsky's),  while  the  mucous  at  the   same  time 

gradually  diminishes The  reason  for  this  is,  according 

to  Lavdowsky,  '^  the  increase  (growth)  ^(W^joar^  (albuminous  or 
protoplasmic),  of  the  cell  substance  in  order  to  tnake  up  for  the 
disappearance  of  the  other  pa/rt  (mucous) ,''  and  on  p.  829  he  says 
that  as  stimulation  proceeds  the  substance  of  mucous  cells  loses 
the  character  of  mucous,  becomes  opaque,  granular  and  smaller. 
This  seems  to  be  clear  enough;  wny  Lavdowsky  should  then 
endeavour  to  neutralise  this  again  and  to  put  such  stress  on  the 
destruction  of  mucous  cells  and  the  new  formation  of  proto- 

flasmic  cells  in  the  second  and  third  of  his.sta^  of  stimulation 
cannot  well  conceive.  The  facts  such  as  delineated  in  his 
figures  10,  11,  and  12,  are  perfectly  compatible  with  the  first 
view,  viz.  '^  gradual  change  of  the  mucous-cells  into  albuminous 
ceUs.^'  That  the  destruction  of  mucous  cells  mentioned  by 
Heidenhain  and  Lavdowky  does  not  possess  more  than  secon- 
dary importance  under  normal  conditions  is  a  matter  to  which  I 
shall  have  to  return  when  I  give  the  description  of  my  own 
observations. 

If  we  examine  a  thin  section  through  the  submaxillary  gland, 
hardened  in  spirit  and  stained  in  hsematoxylin,  of  a  dog  that  has 
been  killed  twenty-four  hours  after  taking  food,  the  gland  having 
been  quickly  excised  and  plunged  into  the  alcohol,  we  find  that 
it  possesses  a  uniform  structure;  the  gland  cells  resemble  in 
many  respects  the  mucous  cells  that  we  find  in  ordinary  mucous 

»  L.  c,  p.  31. 

'  '  Die  acinosen  Drtisen  der  Zifiige/  Graz,  1878,  p.  34. 

'  L.  c,  p.  351  and  passim. 
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secreting  glands  of  the  same  animal>  except^  perhaps^  that  the 
cells  in  the  former  are  shorter  than  in  the  latter.  But  the  cells 
are  mucous  cells^  as  usually  described^  of  the  resting  gland,  >.  e. 
transparent  cells  containing  "mucus''  (see  below).  The  outer 
part  of  each  cell  is  more  or  less  drawn  out  and  imbricated  on 
the  membrana  propria,  and  containing  in  its  extremity  the 
somewhat  compresseid  nucleus ;  that  is  to  say,  the  cell  resembles 
a  goblet  cell.  The  free  border  of  the  cell  is  open ;  this  can  only 
be  ascertained  in  a  part  of  the  section  that  does  not  exceed  the 
thickness  of  one  cell ;  in  those  parts  that  are  two  or  three  layers 
deep  the  cells  appear  covered  by  a  membrane  of  the  same  thick- 
ness and  refractive  power  as  the  substance  that  separates  the 
adioining  cells .  The  reason  is  obvious,  viz.  we  see,  de/aclo,  the 
substance  separating  the  cells  of  two  layers.  I  must  therefore 
differ  in  this  respect  from  the  assertions  generally  given  to  the 
effect  that  most  cells  are  closed  towards  the  lumen.  The  sub- 
stance of  each  cell  shows  two  parts :  {a),  an  inner  half,  trans- 
parent and  finely  striated,  owing  to  the  presence  of  lofigitu- 
dinal  fibrih,  which  extend  to  the  free  border;  for  this  reason 
the  membrane  that  in  thicker  parts  of  the  section  appears 
to  cover  this  inner  border  seems  in  a  certain  focus  to  be 
uniformly  dotted,  owing,  no  doubt,  to  it  being  seen  either 
above  or  below  those  fibrils ;  these  fibrils  anastomose  only  by 
few  lateral  branchlets.  (b)  An  outer -half  which  contains  a  unu 
form  network  of  fihriU  ;  it  is,  no  doubt,  this  part  of  which  Lav- 
dowsky  (see  above)  says  that  there  are  present  in  it  ''traces''  of 
protoplasm  in  the  shape  of  network.  There  are  not  only  "traces" 
but  a  foelUdeveloped  nettcork  offibriUy  and  I  am  rather  astonished 
that  Lavdowsky  has  not  seen  and  figured  it  more  clearly,  for  the 
appearances  are  very  conspicuous.  As  in  the  case  of  the  epi- 
thelium of  the  intestines  the  nodes  of  this  network  appear 
like  dots,  and  with  only  a  moderately  good  lens  one  might 
easily  mistake  this  part  for  "  granular."  The  fibrils  of  the  inner 
part  are  distinctly  connected  with  the  network  of  the  outer  part. 
The  distinction  into  these  two  parts  can  be  made  out  when  we 
have  a  clear  profile  view  of  the  cells,  in  an  oblique  or  horizontal 
view  we  dt)  not,  of  course,  perceive  this  distinction.  When  the 
cells  are  viewed  as  a  mosaic,  *.  e.  in  bird's-eye  view,  the  sub- 
stwice  of  each  polygonal  figure  appears  to  be  composed  of  a 
uniform  network,  but  this  probably  is  only  the  network  of  the 
outer  cell  portion  just  mentioned. 

The  *'  crescents  "  of  Gianuzzi  or  "  parietal  cells'*  of  Heidenhain, 
appear  well  developed,  and  I  do  not  find  them  in  any  way 
different,  as  regards  number  and  disposition,  from  what  they  are 
described  by  Heidenhain,  Lavdowsky,  and  others.  Their  sub- 
stance is  a  dense  network  of  fibrils.     There  are  lobules  or 
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portions  of  lobules  in  which  the  crescents  are  conspicuously 
better  developed  than  in  other  parts,  and  on  careful  comparison 
it  will  be  found  that  also  the  central  or  mucous  cells  of 
these  parts  appear  larger  and  better  stained  in  hsematoxylin. 
The  contents  of  the  mucous  cells  are  here  of  a  more  or  less 
distinctly  purple-blue  tint,  whereas  in  the  other  lobules,  the 
mucous  cells  are  not  stained  at  all  or  only  slightly  so.  We  know 
from  the  observations  of  Dr.  Watney^  that  in  ordinary  mucous 
glands,  e.ff.  in  the  tongue,  we  can,  with  the  aid  of  hsematoxylin 
staining,  easily  ascertain  which  gland  or  parts  of  gland  are 
just  in  the  act  of  mucous  secretion  and  which  not,  for  where  the 
cells  are  charged  with  mucin  they  stain  in  a  characteristic 
purple-blue  tint.  The  thicker  the  layer  the  more  pronounced 
the  colour.  Dr.  Watney  showed  me  this  very  chaiacteristic  re- 
action also  in  the  test-tul)e ;  even  the  smallest  quantity  of  mucous 
—no  matter  what  its  reaction,  whether  alkaline  or  acid — becomes 
precipitated  by  the  addition  of  a  drop  of  hsematoxylin  solution 
— the  usual  watery  solution  of  extract  of  logwood — as  flakes  of 
deep  purple-blue  to  blue  colour. 

Hence  it  becomes  clear  that  also  in  the  submaxillary  gland 
the  blue  staining  of  the  mucous  cells  is  due  to  the  presence  of 
mucin  in  them. 

I  am  quite  aware  that,  as  Heidenhainy  Pfluger  and  v.  Ebner  have  pointed 
out,  there  is  in  the  submaxillary  as  well  as  in  other  mucous  elands  a  post- 
mortem change  of  the  "  mucigen "  into  mucin,  but  this  takes  place  only 
if  the  gland  be  not  placed  early  enough  into  the  hardening  spirit.  In  the 
above  description  I  was  referrmg  only  to  those  cases  where  immediately 
after  the  animal  had  been  killed  by  bleeding,  small  bits  of  the  organs  had 
been  placed  into  the  spirit.  Besides,  those  glands  that  have  suffered  that 
post-mortem  change  do  not  show  well  the  outlines  of  the  cells  (v.  Ebner), 
as  I  can  fully  connrm.  In  my  case  I  have  another  more  weighty  reason  for 
assuming  the  presence  of  mucin  in  the  mucous  cells  already  in  the  living,  it 
is  the  fact  that  in  those  lobules  the  ducts  contain  mucm  stained  in  the 
purple-blue  tint. 

From  these  facts,  viz.  that  there  are  present  lobules  or  parts 
of  lobules  in  which  the  '^  crescents''  are  enlarged  and  the  mucous 
cells  are  charged  with  mucin,  not  "mucigen,''  as  in  the  rest- 
ing state,  and  that  also  the  corresponding  duct  contains  mucin, 
I  infer  that  in  the  so-called  resting  state  of  the  gland,  but  pro- 
vided the  animal  be  kept  without  food  for  some  time,  there  are 
parts  in  which  the  formation  of  mucin  out  of  mucigen  is 
already  going  on.  I  shall  have  to  mention  further  below  a 
similar  relation  in  the  mucous  glands  of  tongue  and  oesophagus 
of  the  same  animal. 

Lavdowsky  also  states^  that  in  the  resting,  glands  there  may 

»  'Proceedings  of  the  Royal  Society,'  vol.  xxii,  p.  293,  and  'Philosoph. 
Transactions,'  1876,  ii,  p.  77^. 
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be  seen  already  under  a  lens  small^  well-defined^  more  trans- 
parent qnasi-gelatinous  portions^  which  under  the  microscope 
show  the  chaiBcters^  not  of  resting  gland^  but  of  one  that  has 
slightly  secreted^  and  he  also  notices  the  enlargement  of  the 
'^  crescents''  or  parietal  cells.  The  mucous  cells,  according  to 
Lavdowsky,  show  no  change  in  these  parts,  except  that  their 
nucleus  is  slightly  larger  and  more  rounded.  I  do  not  find  this 
alteration  in  the  nucleus.  Had  Lavdowsky  used  haematoxylin 
staining  for  these  parts,  he  would  not  have  failed  to  notice  that 
the  mucous  cells  are  dtered  also  in  another  respect,  inasmuch 
as  they  contain  mucin  instead  of  mudgen,  besides  being  some- 
what larger.  Carmine  staining,  which  Lavdowsky  chiefly  used, 
does  not  show  this  difierence  in  the  contents  of  the  mucous  cells. 

In  the  salivary  gland  of  a  dog,  killed  twenty  minutes  after 
partaking  of  food,  most  ducts  contain  mucus,  and  in  most 
lobules  we  find  the  cells  fiUed  with  mucin. 

A  comparison  of  a  submaxillary  gland,  as  described  above^  with 
one  taken  from  an  animal  (dog)  killed  one  hour  after  feeding, 
shows  the  following  differences : — Although  there  are  a  good  many 
parts  where  a  difference  between  the  gland  structure  taken  from 
this  animal  and  one  that  had  been  killed  twenty^four  hours  after 
the  last  meal  cannot  be  detected,  still  there  are  other  parts — sec- 
tions of  lobules,  and  even  whole  lobules,  in  which  the  mucous 
cells  are  decidedly  shorter.  Their  substance  appears  more  uni- 
formly pervaded  by  the  minute  intracellular  network  of  fibrils, 
whereas  the  parietsd  cells  are  somewhat  more  prominent,  being 
larger.  The  nucleus  of  the  mucous  cells  does  not  present  the  same 
appearance  or  position  as  in  the  other  case,  being  less  compressed, 
more  irregular,  and  not  so  close  to  the  membrana  propria. 

Pfliiger  first  pointed  out^  that  in  the  intralobular  ducts — the  part 
that  he  called  "  Speichelrohren" — the  columnar  epithelial  cells 
lining  them  are  in  their  outer  portion  composed  of  minute  longi- 
tudinal rods,  whereas  the  inner  portion  appears  more  or  less 
homogeneous  or  slightly  granular ;  the  circular  or  slightly  oval 
nucleus  lies  about  the  point  where  the  two  parts  are  in  contact. 

Like  FfliJger,  I  see  that  in  some  tubes  the  epithelial  cells 
show  a  very  fine  striation  also  in  the  inner  part ;  and  on  look- 
ing at  this  with  a  high  power  I  am  able  to  make  out  that  these 
longitudinal  fibrils  form  also  a  network,  and  hence  the  ^^  granu- 
lar" appearance  of  this  part.  Unlike  the  other  observers,  I 
notice  that  the  nucleus  of  these  epithelial  ceUs  contains  a  uniform 
network,  generally  including  only  the  uniform  dots,  occasionally 
though  not  frequently  containing  also  a  large  particle,  corre- 
sponding to  the  nucleolus  of  some  authors.    Farther,  I  notice 

>  '  ArcUiv  f.  mikrosk.  Anat./  Band  v,  p.  193. 
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in  thin  sections  that  the  fibrik  of  the  outer  cell  portion  are  in 
connection  with  the  intranuclear  network,  hence  the  membrane 
of  the  nucleus  presents  the  appearance  of  a  perforated  membrane. 
Pfliigeri  and  Lavdowsky*  assert  that  when  a  part  of  this  *' rod- 
epithelium''  is  viewed  from  the  surface  we  see  a  uniformly  dotted 
substance ;  and  Heidenhain^  has  also  maintained^  with  reference 
to  the  epithelium  of  the  convoluted  tubes  of  the  kidney^  on  the 
occasion  when  he  first  described  those  cells  as  being  in  the 
principal  part  composed  of  rods  or  fibrils^  that  in  the  surface 
view  these  celb  appear  uniformly  dotted^  owing  to  the  rods  berng 
seen  endwise.  Lavdowsky^  confirms  this  K)r  the  embryonal 
kidney.  Without^  of  course^  doubting  for  a  single  moment 
that  what  Heidenhain  and  also  Lavdowsky  isolated  in  the  respec- 
tive kidneys  were  rods  or  fibrils^  I  must  differ  from  both  and 
Ffliiger^  not  only  with  regard  to  the  cells  of  the  submaxillary 
gland^  but  also  with  regard  to  those  of  the  convoluted  tubes  of 
the  kidney^  for  a  careful  inspection  of  the  surface  of  the  rod- 
part  of  the  epithelium  in  both  cases  shows^  not  merely  a 
dotted  appearance^  but  a  network,  i.e.  dots  with  short  anastomos- 
ing branches^  the  dots  being  of  course  due  to  rods  seen  end- 
wise. So  that  the  rod-part  of  the  epithelium  does  not  merely 
contain  a  bundle  of  rods  or  fibrils^  as  maintained  by  Ffliiger^ 
Heidenhain^  Lavdowsky  and  others  but  a  reticular  eubstance 
which  possesses  a  pre-eminently  longitudinal  arrangement. 
Whether  the  rods  or  fibrils  are  in  many  instances  membranous 
expansions  or  not^  I  am  not  able  to  say^  although  looking  at 
them  endwise  I  seem  to  notice  in  some  places  appearances  more 
compatible  with  the  presence  of  the  latter  than  the  former.  The 
same  arrangement  is  possesssed  by  the  "  rods''  in  the  medullary 
sheath  of  nerve  fibres^  described  by  Lantermann  and  MacGarthy^ 
that  is  to  say^  the  medullary  sheath  is  not  merely  composed  of 
vertical  rods^  but  of  a  reticular  substance.  I  shall  have  occasion 
to  refer  to  this  appearance  more  in  detail  in  the  third  part  of 
tins  paper. 

In  both  cases  of  glands  hitherto  described  there  are  found  a 
number  of  alveoli,  which  possess  no  ^'mucous  cells/'  or  only  traces 
of  them,  but  which  are  entirely,  or  to  the  greater  extent,  made 
up  of  *^  granular  "  or  "  protoplasmic ''  cells,  with  circular  cen- 
tral nuclei.  I  find  either  small  groups  or  sections  of  lobules 
almost  entirely  made  up  ef  such  small  protoplasmic  cells ;  they  are 
for  the  most  part  polygonal,  possess  one  central  circular  nucleus, 
they  lie  very  closely  together,  and  appear  either  to  belong  to  more 
or  less  convoluted  tubes  without  any  lumen  in  them,  or  they  are 
arranged^  as  in  the  ordinary  alveoli,  around  a  very  small  lumen, 

1  Strieker's  '  Handbook,'  £ii^[ish  trans.,  p.  431.  '  L.  c,  p.  314. 

•  •  Archiv  f.  mikrosk.  Anat./ Bd.  x,  p.  6.  <  L.  c,  p.  333. 
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and  resemble  then  in  all  respects  the  alveoli  of  true  salivary 
glands^  or  the  so-called  serous  glands  known  through  A.  Heiden- 
hain  and.  von  Ebner  (see  foither  below).  They  are  alwavs  in 
connection  with  a  tube  given  o£f  by  one  of  the  salivary  ducts 
with  rod-epithelium  {%.  tf.  rfliiger's  "  Speichelrohren  ")  and  lined 
with  short  pavement  epithelium.  In  some  parts  it  is  also  seen 
that  in  the  above  alveoli  with  'Agranular''  epithelium^  one  or 
two  of  the  ceUs  are  already  mucous  cells,  but  the  whole  alveolus 
is  much  smaller  than  an  ordinary  one.  There  can  be  little  doubt 
that  in  the  submaxillary  gland  of  half-grown  dogs  (I  worked 
with  animals  six  to  eight  months  old)  there  exists  a  certain 
amount  of  unripe  gland-structure^  but  in  different  stages  of  de- 
velopment^ consisting  of  intermediary  forms  between  more  or 
less  solid  chain-like  masses^  composed  of  polygonal  uninuclear 
^' granular''^  cells^  then  groups  of  such  cells  around  a  small 
lumen,  and  finally  such  forms  in  which  some  of  the  '' granular '' 
cells  are  replaced  by  *'  mucous  cells." 

Pltiger  mentions  that  in  the  resting  submaxillary  ^ands  of 
rabbits  there  are  'thousands''  of  young  cells^  developing  in 
connection  with  the  rod-epithelium  of  the  salivary  ducts.  Lav- 
dowsky  denies  this,  and  says  that  Pfluger  probably  mistook  the 
ftgP^^ate  of  cells  constituting  the  '^  crescents ''  lor  developing 
cefls.  Although  I  have  not  been  able  to  see  in  the  resting 
submaximillary  gland  of  dog  anything  like  the  cells  that  Ffliiger 
delineates^^  I  must  oppose  Lavdowsky's  statement  as  regards  the 
non-existence  of  developing  cells  in  any  but  stimulated  glands. 
As  I  have  pointed  out  above,  there  is  a  perceptible  amount  of 
gland  tissue,  in  the  half-grown  dog,  just  passing  through  the 
different  stages  of  development. 

The  above  intermediary  forms  between  alveoli  in  which  some  of 
the  'Agranular"  cells  have  changed  into  mucous  celb  and  alveoli 
entirely  composed  of  'Agranular''  cells  distinctly  shows  us  the 
relation  that  exists  between  the  mucous  cells  and  the  'Agranular'' 
cells  of  the  crescents.  This  relation  coincides  entirely  with 
that  stated  by  Heidenhain  and  Lavdowsky  for  the  exhausted 
gland,  viz.  that  the  parietal  cells,  or  the  cells  of  the  crescents  give 
origin  to  the  mucous  cells.  That  this  is  the  relation  in  the 
growing  parts  of  the  gland,  of  this  I  have  no  manner  of  doubt, 
but  I  have  likewise  no  doubt  that  while  the  submaxillary  gland 
is  in  a  normal  state  of  function,  such  as  is  represented  in  the 
ordinary  life  of  the  animal,  the  *'  mucous  cells^^  as  a  whole,  are 
not  destroyed  during  secretion,  and  that,  therefore,  there  is  no 
need  for  their  being  regenerated  from  the  parietal  cells.     I  must 

'  I  use  the  word  *'  grannlar'*  as  indicatiDg  the  appearanoe  of  the  substance 
of  the  parietal  cells,  but  of  course  I  have  stated  above  that  these  granules  are 
only  apparent,  that  substance  being  in  reality  a  dense  network  of  fibrib. 

^Strieker's 'Handbook/  fig. 93^95. 
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place  myself  on  the  side  of  those  (Ewald,  v.  Ebner,  Banvier) 
whose  observations  of  this  and  similar  glands,  especially  mucous 
glands,  has  led  them  to  the  conclusion  that  "  mucous  cells  '* 
possess  in  the  different  phases  of  function  a  different  aspect,  that 
they  are  not  destroyed  during  secretion,  but  after  secretion  are 
capable  of  returning  again  to  the  former  state  of  rest.  Such 
is  the  conclusion  to  which  a  general  consideration  of  secretory 
action  would,  h  priori,  lead  us,  and  the  above  observations  fully 
bear  that  out.  They  have  shown  us  that  mucous  cells  possess  a 
state  of  rest,  in  which  they  show  an  inner  more  longitudinally 
fibrillated  and  an  outer  more  reticulated  part,  containing  in 
its  meshes  the  '^  mucigen.^'  Then  there  is  another  phase,  that 
of  secretion,  in  which  the  cells  are  larger,  and  the  "mudgen," 
transformed  into  mucin;  after  this  the  cells  again  return  to 
their  former  state,  first,  however,  showing  a  more  uniform 
network  of  fibrils.  The  nuclei  of  the  mucous  cells  are  subjected 
to  only  one  change,  viz.  in  the  last  phase  they  are  less  compressed, 
approaching  more  or  less  the  spherical  shape. 

JBut  although  I  do  not  admit  that  under  normal  conditions 
of  function  Heidenhain's  theory  is  applicable,  I  do  not  say 
that  such  is  not  the  case  under  certain  abnormal  conditions. 
The  observations  of  Heidenhain,  Boll  and  Lavdowsky  leave  no 
doubt  that  if  the  gland  is  exhausted  by  a  long-continued 
stimulation,  the  alveoli  assume  a  uniformity  of  structure,  all 
the  cells  appearing  of  the  nature  of  the  '^  granular  ^^  cells  of  the 
crescents.  Heidenhain  explains  this,  as  stated  above,  by  saying 
that  all  the  mucous  cells  having  been  destroyed  the  parietal  cells 
have  to  make  up  for  them.  Lavdowsky,^  on  the  other  hand, 
shows  that  this  is  partly  due  to  the  mucous  cells  changing  into 
small  "granular '^  elements,  and  partly  to  a  new  formation  of 
such  cells  from  those  of  the  crescents.  That  the  alveoli  in  a 
young  condition  contain  only  ^^  granular "  cells,  some  of  which 
change  into  mucous  cells,  this  I  have  mentioned  above,  and 
from  this  experience  I  am  not  at  all  disinclined  to  accept  the 
explanation  of  these  authors,  if  it  can  be  shown  that  the  mucous 
cells  are  destroyed  in  great  masses.  As  far  as  my  experience 
goes  of  glands  in  normal  function,  I  have  not  seen  any  mucous 
cells  changing  into  cells  that  at  all  look  like  the  parietal  cells, 
and  for  tins  reason  I  cannot  accept  the  force  of  the  argument  of 
Ewald,  who  by  a  process  of  '^  mucous  abstraction ''  tries  to  render 
the  mucous  cells  similar  in  appearance  to  the  parietal  cells.  Ewald's 
experiments  do  not  seem  to  me  to  prove  at  all  that  Heidenhain's 
explanation  is  not  correct,  for  Ewald  does  not  tell  us  that  he  ever 
saw  in  any  phase  of  the  secretion  the  mucous  cells  actually  turn 
into  "  granular'^  cells  similar  to  those  of  the  crescents. 
>  L.c,  p.329. 
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I  said  above  that  the  condition  of '' exhaustion '^  (Heidenhain 
and  Lavdowsky)  of  the  submaxillary  gland  of  dog  is  an  abnormal 
one^  inasmuch  as  in  the  ordinary  process  of  function  no  such 
condition  is  ever  observed  as  that  described  and  figured  by  these 
observers.  To  produce  that  condition  Lavdowsky  had  to  stimu- 
late electrically  the  secretory  nerve  (the  chorda  in  the  case  of  the 
submaxillary  gland^  the  n.  buccinatorius  in  the  case  of  the 
orbital  gland)  from  three  to  seven  hours  and  more,  a  proceeding 
which  has  no  parallel  in  the  normal  function  of  these  glands. 

(i)  In  man. — I  possess  a  good  many  preparations  of  sub- 
maxillary glands  of  children  that  died  in  the  course  of  scarlatina. 
The  glands  were  obtained  very  shortly  after  death,  and,  after 
having  been  hardened  in  i^irit,  were  found  in  an  excellent  con- 
dition. As  I  described  in  my  paper  on  the  ^'  Anatomy  of  Scar- 
latina,''^  the  interlobular  tissue  contains  accumulations  of  lymph 
cells,  a  sign  of  interstitial  inflammation;  but  besides  this,  in 
some  of  the  glands  the  gland  structure,  both  of  alveoli  and 
ducts,  appears  normal,  the  gland-cells  in  their  mutual  relation 
and  distinctness  of  outline  being  perfect.  I  shall  refer  in  the 
following  to  these  glands  only. 

a.  In  sections  through  the  submaxillary  gland  of  a  child  aged 
7,  we  find — amongst  the  great  mass  of  lobules  the  alveoli  of  winch 
are  lined  with  more  or  less  distinctly  columnar  ^'granular  *'  cells 
with  a  round  nucleus  in  the  outer  part,  i.  e.  true  salivary  cells — a 
few  lobules  much  larger  than  the  others,  in  which  the  alveoli  are 
lined  with  mucous  cells,  i.  e.  columnar  transparent  cells,  the 
nucleus  of  each  cell  being  more  or  less  compressed  and  situated 
in  the  outermost  part  of  the  cell.  The  alveoli  lined  with  mucous 
cells  are  larger  than  the  others,  owing  to  the  lumen  and  the  cells 
being  larger.  The  relatively  great  amount  of  connective  tissue 
separating  the  lobules  enables  us  to  trace  the  outlines  of  the 
individual  lobules  with  far  greater  facility  than  in  the  dog. 

/3.  In  a  gland  of  a  child  aged  8, 1  found,  on  the  other  hand, 
only  traces  of  mucous  gland  structure,  these  being  reduced  to  a 
few  groups  of  a  very  limited  number  of  alveoli  lined  with  mucous 
cells,  interspersed  amongst  the  bulk  of  lobules  composed  of 
salivary  gland  tissue.  The  cells  of  the  latter  are  columnar 
'^  granular  ^'  cells,  with  a  round  nucleus  in  the  outer  third,  and 
are  arranged  around  a  small  lumen. 

y.  In  a  gland  of  a  child  aged  12,  I  find  no  trace  of  any 
alveoli  lined  with  mucous  cells;  the  lobules  are  all  uniformly 
made  up  of  alveoli  lined  with  beautiful  columnar  cells  of 
'* granular"  protoplasm. 

If  we  now  examine  more  carefully  in  the  first  case  the 

>  *  Reports  (No.  viii)  of  the  Medical  Officer  of  the  Privy  Council/  1876, 
p,  79. 
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lobules  containing  mucous  gland  structure^  we  ascertain  with  un- 
mistakable clearness  that  the  alveoli  lined  onlj  with  mucous  cells 
are  directly  continuous  with  alveoli  lined  for  a  greater  or  smaller 
section  with  granular  cells,  the  rest  being  mucous  cells^  and, 
further,  with  alveoli,  which  are  altogether  lined  only  with 
granular  cells.  Those  alveoli  that  are  only  partly  linea  with 
granular  cells  resemble  in  many  instances  the  alveoli  of  do^s 
submaxillary  gland,  viz.  the  central  cells  being  mucous  ceCs, 
whereas  the  granular  cells  form  the  crescents.  That  alveoli 
of  this  kind  are  directly  continuous  with  such  that  are  lined  ex- 
clusively with  granular  cells,  of  this  I  have  convinced  myself 
quite  positively.^  It  is  hardly  necessary  to  add  that  the  last- 
named  alveoli  are  smaller  than  the  others. 

I  have  been  able  to  confirm  this  observation  made  on  Case  a, 
also  in  Case  j3.  In  both  instances  I  find  in  those  alveoli  that 
are  lined  with  mixed  epithelium  the  mucous  cells  possess  a  nucleus 
less  compressed  and  not  so  close  to  the  membrana  propria  as  in 
the  alveoli  that  are  lined  only  with  mucous  cells. 

That  the  intermediary  forms,  previously  stated,  are  not  due 
merely  to  different  stages  of  development  of  mucous  gland-struc- 
ture, as  in  the  submaxillary  gland  of  half-grown  dog,  but 
probably  to  different  states  of  function,  is  shown  in  Gases  j3  and 
y,  which,  although  belonging  to  older  individuals,  show  less  of  the 
mucous  gland-structure  than  in  Case  a. 

We  are^  then,  led  to  the  conclusion  that  there  exists  an 
intimate  relation  between  the  gland-structure  lined  only  with 
''granular'^  cells  and  such  with  only  mucous -cells.  Boll,  in  the 
above-named  work,  stated  that  in  the  submaxillary  gland  of 
guinea-pig  the  alveoli  are  either  lined  by  mucous  cells  or  by  pro- 
toplasmic ^'  granular ''  cells,  and  he  concluded  that  whole  lobules 
are  capable  of  being  transformed  into  mucous-secreting  struc- 
tures. The  submaxillary  gland  of  dog  is,  according  to  the  same 
author,  the  one  extreme;  that  of  the  guinea-pig,  in  which  all 
alveoli  are  lined  by  '^ granular ^^  cells,  is  the  other  extreme;  that 
of  man  is  intermediary  between  the  two. 

Lavdowsky  denies  this,  and  maintains  that  the  two  structures, 
—viz.  alveoli  lined  with  mucous  cells  and  such  lined  with 
''granular^'  cells — are  entirely  independent  of  each  other,  and 
are  only  co- existing  side  by  side,  as  is  the  case  in  the  submaxil- 
lary gland  of  man,  or,  as  is  still  more  evident,  in  the  root  of 
tongue,  where  we  find  side  by  side  both  varieties  of  gland- 
structure,  viz.  serous  glands  and  mucous  glands  (v.  Ebner). 

^  The  examination  on  this  point  is  greatly  facilitated  by  the  distinctness 
with  which  we  are  enabled  to  trace  what  belongs  to  one  and  the  same 
lobule,  owing  to  the  fact — as  above  mentioned— of  the  presence  of  consi- 
derable masses  of  connective  tissue  between  the  lobules. 
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From  my  experience  of  human  submaxillary  gland,  above  de- 
scribed, I  am  in  agreement  with  Boll  and  in  opposition  to 
Lavdowsky ;  but  diflfering  from  Boll,  I  assume  here  not  only  a 
change  of  the  alveoli  lined  with  granular  cells  into  such  as  are 
lined  with  mucous  cells,  but,  tnce  versd,  a  change  of  mucous  cells 
into  "  granular ''  cells. 

Whether  in  my  cases  this  change  is  observable  in  the  abso- 
lutely normal  gland  under  normal  conditions  of  function,  or 
whether  it  is  found  only  so  in  consequence  of  prolonged  secre- 
tion— in  the  cases  of  scarlatina,  from  which  the  above  glands 
were  derived,  there  was  a  considerable  amount  of  throat  affec- 
tion, and  hence  most  likely  a  prolonged  secretion  of  all  glands 
leading  into  the  oral  cavity — must  be  determined  by  further 
investigations. 

In  the  lobar  duct's  of  the  human  submaxillary  gland  we  find 
that  the  epithelium  is  composed  of  a  superficial  layer  of  beau- 
tiful columnar  epithelial  cells  and  a  deep  layer  of  small  cells,  the 
former  possess  very  elongated  nuclei,  the  nuclei  of  the  latter 
being  oval.  The  nuclei  of  both  contain  a  uniform  network  of 
fibrils,  with  the  usual  bright  dots  in  the  nodes,  but  no  large 

S articles  comparable  to  a  nucleolus.  The  columnar  cells  show  a 
istinct  bright  striated  border  like  the  epithelial  cells  of  intes- 
tine, only  not  so  broad,  and  I  have  ascertained  that  also  in  the 
ducts  of  the  submaxillary  gland  the  bright  border  has  nothing  to 
do  with  the  striation,  the  former  being  sometimes  absent,  and  the 
latter  can  then  be  made  out  as  being  due  to  the  ends  of  longitudinal 
fibrils,  of  which  the  cell-substance  appears  chieflv  to  be  made  up. 
But  we  find  also  here  on  close  inspection  that  these  fibrils  form 
a  network. 

The  lobular  ducts  possess  the  same  rod-epithelium  as  in  the 
submaxillary  gland  of  dog. 

4.  TAe  Epiikelial  Cells  of  Mucous  Glands. 

The  gland-tubes  (Puky  Akos^)  of  mucous  glands  are  usuaUy 
described  as  possessing  a  relatively  large  lumen,  lined  by  more 
or  less  granular  cells,  whose  nucleus  is  in  some  glands  round, 
and  situated  in  the  outer  part  of  the  cell,  in  others  it  is  very 
indistinct,  being  much  compressed  and  close  to  the  membrana 
propria. 

Heidenhain,  on  the  occasion  of  his  investigations  of  the  sub- 
maxillary gland  of  dog  (loc.  cit.),  pointed  out  that  this  gland  is 
in  many  respects  similar  to  the  ordinary  mucous-secreting  glands 
of  other  parts,  for  he  found  also  in  some  of  these  a  distinction 
between  parietal  '^ granular'^  cells  and  central  mucous  cells.  In 
the  mucous  glands  of  the  lip  of  man  and  rabbit,  in  those  of  the 
»  'Sitzungsb.  d,  k.  Akad.  d.  Wiss./  Band.  60,  ii,  1869. 
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larynx  of  dog  and  rabbity  this  author  foond  besides  alveoli  con- 
taining mucous  and  ^'  granular  "  cells  also  such  that  are  lined 
with  only  "granular"  cells. 

Y.  Ebner^  investigated  the  mucous  glands  of  the  tongue  of 
man  and  the  various  domestic  animals^  and  he  found  that  the 
alveoli  are  lined  with  glassy  columnar  cells  of  a  granular  contents^ 
which  is  mucous;  the  nucleus  is  generally  indistinct^  but 
after  reagents  is  seen  as  a  small  roundish  or  elliptical  flattened 
body  next  the  membrana  propria.  This  author  mentions  a  dif- 
ference between  the  mucous  glands  of  the  tongue  of  carnivorous 
animals^  on  the  one  hand^  and  those  of  the  tongue  of  rabbit 
and  guinea-pig  on  the  other^  consisting  in  the  presence  of  cres- 
cents in  the  former;  in  the  latter  they  are  absent.  But  v.  Ebner 
adds^  that  these  crescents  are  not  comparable  to  the  groups  of 
granular  cells  in  the  submaxillary  gland  of  dog,  which  Heidenhain 
spoke  of  as  forming  the  crescents^  but  that  they  correspond  to 
thickened  (nucleated)  parts  of  the  membrana  propria^  L  e.  to  what 
Boll  (loc.  cit.)  mentioned  as  "crescent'^  in  the  submaxillary  gland. 

Tarchetti^  describes  in  the  mucous  glands  of  the  trachea  two 
distinct  forms  of  gland  cells ;  one  corresponding  to  mucous  cells^ 
the  other  to  the  more  opaque  protoplasmic  parietal  cells ;  the 
latter  in  some  places  completely  occupy  parts  of  the  alveolus^ 
in  others  they  are  reduced  to  "  crescents." 

Ladvowsky  examined  the  mucous  glands  of  different  regions 
(oral  cavity,  larynx  and  pharynx),  and  he  describes*  the  changes 
they  undergo  when  their  secretory  nerves  are  subjected  to  stimu- 
lation (electrical  or  chemical).  These  changes  are  in  all  respects 
similar  to  those  that  he  found  in  the  submaxillary  and  orbital 
glands,  subject  to  the  difference  that  the  above  mucous  glands  do 
not  contain  any  (protoplasmic)  parietal  cells.  The  changes  are 
these :  the  nucleus  becomes  rounded  and  enlarged,  then  the  sub- 
stance of  the  mucous  cells  loses  its  mucous  character,  "  owing  to 
the  increase  of  their  protoplasm ;"  the  cells  become  gradually 
smaller  and  granular.  In  consequence  of  this  alone  the  alveoU 
become  smaller. 

I  have  examined  mucous  glands  in  man  and  the  domestic 
animals  of  different  parts  of  the  body — tongue,  palate,  pharynx, 
oesophagus,  larynx  and  trachea,  and  I  have  arrived  at  the 
conclusion  that,  as  in  the  submaxillary  gland  of  dog,  the  gland 
cells  possess  different  morphological  characters  during  rest  and 
secretion,  which  (characters)  in  some  respects  correspond  to 
those  mentioned  by  Heidenhain  and  Lavdowsky  of  the  mucous 
glands,  but  in  other  respects  differ  from  them. 

a.  In  the  dog. — If  the  mucous  glands  of  the  tongue  or  oeso- 

»  L.  c,  p.  19. 

2  *  Riviata  di  Medicina,'  &c.,  December,  1874. 

•  L.  c,  p.  335. 
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phagus  be  examined  in  sections  of  specimens  hardened  in  spirit 
and  stained  in  logwood,  it  will  be  seen  that  the  cells  lining  the 
alveoli  are  beaatiful  columnar  cells  having  almost  the  same  size 
in  the  same  alveolus ;  these  vary,  however,  amongst  each  other, 
both  as  regards  the  diameter  of  their  lumen  and  the  lining  cells, 
as  will  be  mentioned  below.  The  cells  are  in  all  cases  open, 
their  free  surface  not  being  covered  bv  any  membrane.  They  con- 
tain an  exquisitely  beautiful  network  of  fibrils  which  uniformly 
pervades  the  cell  substance,  and  which  can  distinctly  be  perceived 
with  even  a  D  of  Zeiss,  or  i  of  Crouch  (see  fig.  4,  Plate 
YII).  In  some  alveoli  I  can  distinguish  also  here  an  inner  more 
longitudinally  striated  part  from  an  outer  one  with  a  uniform 
network,  but  the  number  of  such  cells  is  relatively  small,  and 
is  to  be  met  with  only  in  alveoli  in  which  no  actual  secretion  is 
going  on  (see  below).  When  viewing  the  cells  from  the  surface, 
— i.  e.  when  viewing  the  mosaic  formed  by  the  ends  of  the  cells 
— the  network  is  equally  distinct.  Some  of  the  cells  like  those 
in  the  submaxillary  gland  possess  a  process  with  which  they 
are  imbricated  on  the  membraua  propria.  The  nucleus  is  recog- 
nised as  a  shrunken  deeply-stained  body  pressed  against  the  mem- 
brana  propria,  and  situated  usually  in  one  of  the  comers  of  the 
cell,  that  is  to  say,  the  eells  resemble  goblet  cells.  When  viewed 
from  the  surface  the  nucleus  appears  more  or  less  rounded  in 
shape,  and  in  some  instances  contains  a  uniform  network. 

The  membrana  propria  of  the  alveoli  is  very  distinct.  In  our 
sections  it  appears  as  a  bright  membrane,  with  staff-shaped 
nuclei  from  place  to  place.  The  membrane  being  thicker  where 
a  nucleus  lies,  we  obtain  the  appearance  of  attenuated  "cre- 
scents,^^ such  as  described  by  Boll  in  the  submaxillary  gland,  and 
(as  mentioned  above)  found  also  by  von  Ebner  in  the  glands  that 
we  are  dealing  with.  Such  is  invariably  the  character  of  the 
cells  and  membrana  propria,  no  matter  in  what  state  the  gland 
is,  viz.  whether  filled  with  mucin  or  not.  The  following  two 
conditions  of  the  alveoli  and  tubes  of  the  gland  of  the  tongue 
may  be  noticed : 

(a)  The  cells  lining  the  alveoli  do  not  contain  any  mucin,  the 
interfibrillar  or  interstitial  hyaline  substance  (contained  in  the 
intracellular  network)  remaining  unstained  in  hsematoxylin,  but 
the  network  is  very  distinct.  The  lumen  of  the  alveoli  and  ducts 
is  empty.  The  alveoli  diflfer  in  size  to  a  considerable  extent : 
from  alveoli  of  0*04  mm.  in  diameter,  and  a  lumen  of  0*01  mm., 
to  such  that  measure  0*054  mm.  in  diameter,  and  0*018  m 
lumen.  The  length  of  the  cells  varies  between  0*015  to  0*02 
mm.  {b)  The  cells  are  filled  with  mucin ;  they  stain,  therefore, 
a  more  or  less  deep  purple-blue  tint ;  so  do  also  the  contents  of 
the  lumen  of  the  alveoli  and  ducts,  these  contain  the  same  sub- 
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stance^  i.  e.  mucin.  The  cells  Iming  the  alveoli  are  longer ;  this  is 
the  more  pronounced  the  more  distinctly  they  stain  in  logwood, 
i.  e.  the  more  mucin  they  contain.  In  some  alveoli  the  lumen 
is  enlarged  owing  to  the  presence  of  a  great  mass  of  mucin,  and 
in  this  instance  the  diameter  of  the  alveolus  as  a  whole  is 
naturally  greater.  I  see  no  difference  as  regards  distinctness  of 
the  intracellular  network,  the  shape  and  position  of  the  nucleus, 
and  the  distinctness  of  the  membrana  propria  with  its  nuclei  in 
the  above  two  states. 

Thus,  just  as  in  the  submaxillary  gland  of  dog,  we  see 
also  here  that  under  normal  conditions  two  different  states 
are  to  be  distinguished:  (a)  one  where  the  gland  cells  con- 
tain in  the  meshes  of  the  network  a  homogeneous  substance 
corresponding,  not  to  mucin,  but  to  mucigen;  this  is  the  state 
of  rest ;  and  {6)  a  state  of  secretion,  when  the  gland  cells  increase 
in  size  owing  to  the  change  of  mucigenous  substance  into 
mucin,  but  the  intracellular  network  remains  otherwise  unaltered. 
Lavdowsky  (1.  c.)  showed  us  in  addition  to  these  two  states  a 
third  one,  which  does  not,  however,  occur  under  ordinary  normal 
conditions,  i.  e.  (c)  a  state  of  exhaustion,  when  the  cells  decrease 
again  in  size,  becoming  at  the  same  time  more  ''  granular,'^  and 
their  nucleus  more  spherical.  According  to  my  view  of  the  struc- 
ture of  the  gland  cells  this  is  not  due  to  an  increase  of  the  net- 
work (protoplasmic  part,  Lavdowsky), but  merely  to  an  exhaustion 
of  the  mucigenous,  i.  e.  interstitial,  substance. 

Precisely  the  same  two  states  that  we  noticed  in  the  normal 
gland  of  the  dog  are  found  also  in  the  glands  of  the  oesophagus 
and  larynx  and  soft  palate  of  the  same  animal.  There  are, 
however,  certain  differences  in  structure  in  these  different  glands 
which  it  is  necessary  to  mention  here.  They  are  these  :  while 
the  alveoli  of  the  mucous  glands  of  the  tongue  possess  minute 
rudiments  of  what  in  shape  corresponds  to  nucleated  crescents, 
but  what,  as  I  mentioned  in  conformity  with  v.  Ebner,  are 
merely  nucleated  parts  of  the  membrana  propria  (Boll) ;  the 
alveoU  of  the  mucous  glands  of  the  oesophagus  in  the  dog  possess 
real  protoplasmic  "  crescents,'^  independently  of  the  membrana 
propria  and  the  mucous  cells  surrounding  the  lumen.  They 
are  granular,  nucleated  parietal  cells  in  the  sense  described  by 
Heidenhain  of  the  submaxillary  gland.  They  are  not  very 
numerous,  not  far  so  numerous  as  in  the  submaxillary  gland,  but 
sufficiently  distinct  to  be  noticeable.  Thus  I  find  in  one  place  a 
'*  crescent "  that  measures  0*038  mm.  from  one  pointed  end  to 
the  other,  and  0*006  mm.  in  thickness — some  crescents  are  even 
thicker — and  in  it  five  oblong  nuclei ;  but  what  is  of  greater 
importance  is  that  outside  this  crescent  I  trace  very  clearly  the 
membrana  propria,  and  this  possesses  a  staff-shaped  nucleus  just 
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where  it  embraces  the ''  crescent/'  so  that  the  two  structures,  viz. 
membrana  propria  with  staff-shaped  (profile  view)  nucleus,  and 
crescent  composed  of  granular  uninuclear  cells,  are  here  seen  side 
by  side  J  and  we' are  therefore  enabled  to  say  that  these  mucous 
glands  possess  granular  parietal  cells  just  like  the  submaxillary 
gland.  If  I  compare  alveoli  whose  mucous  cells  and  lumen  are  filled 
with  mucin,  with  alveoli  that  are  not  in  a  state  of  secretion,  I  do  not 
see  any  perceptible  change  in  size  of  the  crescents ;  iii  the  sub- 
maxiUary  gland  we  saw  tnat  their  size  is  increased ;  but  I  should 
not  like  to  pronounce  definitely  on  this  point,  because  the  relatively 
small  number  of  the  crescents  is  not  very  favorable  for  determining 
that.  However  this  mavbe,  thereis  at  any  rateno  conspicuous Bltem- 
tion,  for  then  we  should  most  probably  not  fail  to  discern  it. 

Much  greater,  however,  than  in  the  (esophagus  is  the  number 
and  size  of  the  *' crescents,^'  composed  of  polygonal  granular^ 
parietal  cells,  in  the  glands  of  the  pharynx  of  young  dogs,  in 
which;  side  by  side  and  directly  continuous  with  alveoli  con- 
taining a  fair  number  of  granular  parietal  cells^  there  are  others 
that  are  entirely  composed  of  granular  cells,  polyhedral  in  shape 
and  possessed  of  a  rounded  or  oblong  nucleus.  Alveoli  of  this 
kind  are  smaller  than  the  ordinary  alveoli,  and  possess  either 
only  a  trace  of  a  lumen  or  hardly  any  lumen  at  all.  We  have 
here  the  same  appearances  that  I  mentioned  on  the  occasion  of 
the  submaxillary  gland  of  young  animals.  That  also  in  the  case 
of  the  pharynx  the  alveoli  composed  entirely  of  granular  cells 
represent  a  stage  of  development,  and  are  not  alveoli  with  "  ex- 
hausted *'  mucus  cells  in  the  sense  of  Lavdowsky,  nor  alveoli  in 
which  the  mucous  cells  have  been  destroyed  and  replaced  by  the 
parietal  cells,  is  proved  by  the  following  facts  : — (a)  They  are 
present  in  great  numbers  in  the  voung  animal,  and  only  in  the 
most  peripheral  parts  of  the  gland- tubes;  (b)  they  are  con- 
nected both  with  tubes  in  which  the  gland  cells  are  in  a  state  of 
rest,  and  with  such  in  which  the-se  are  charged  with  mucin. 

In  the  epiglottis  of  the  dog  the  same  condition  obtains  as 
regards  the  mucous  glands,  viz.  there  are  tubes  lined  with  well- 
developed  mucous  cells  differing  in  no  way  from  those  of  other 
mucous  glands ;  in  addition  to  these  we  have  tubes  that  contain 
^'crescents''  of  granular  ctUs;  and  finally  in  connection  with 
these  we  find  alveoli  which,  to  a  greater  extent  or  almost  entirely, 
consist  of  *' granular'*  cells. 

In  the  trachea  of  cat  the  number  of  tubes  lined  only  with 
granular  cells  arranged  round  a  distinct  lumen  is  very  great 
indeed.  The  ordinary  mucous  cells  are  in  this  animal  fine 
columnar  cells,  which  differ  from  tiiose  of  dog,  inasmuch  as 

1  I  need  hardly  repeat  thai  their  substance  is  not  in  reality  granular,  but, 
as  in  the  previous  instances,  a  dense  network. 
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their  nucleus  is  not  compressed  and  situated  so  close  to  the 
membrane  propria^  being  a  more  or  less  well-shaped  spherical 
body  situated  in  the  outer  part  of  the  cell  near  the  membrane 
propria. 

(b)  In  man, — The  mucous  glands  of  man  which  I  had  the 
opportunity  of  examining  are  those  of  the  tongue^  palate^ 
oesophagus^  larynx  and  trachea.  These  organs  were  obtained 
very  shortly  after  death,  and  in  some  instances  I  have  succeeded 
in  obtaining  preparations  which,  as  regards  the  preservation  of  the 
elements,  are  not  inferior  to  those  I  obtained  from  animals  freshly 
killed. 

In  the  glands  of  the  tongue  and  palate  we  find  the  same  rela- 
tions as  in  the  glands  of  dog,  both  as  regards  the  intimate 
structure  of  the  mucous  cells,  and  also  as  regards  their  di£Perent 
stages  of  function.  The  alveoli  in  the  human  mucous  glands  of 
these  organs  possess  no  real  '^  crescents,'^  i.e.  none  composed  of 
"granular*'  cells.  There  is,  however,  a  difference  between  the 
mucous  glands  of  man  and  dog,  which  consists  in  the  fact  that  in 
the  former,  when  in  the  state  of  rest,  the  nucleuar  of  the  mucous 
cells  is  not  so  compressed  and  not  so  much  pressed  against  the 
membrana  propria  as  in  the  latter,  being  more  rounded,  and  as 
in  other  columnar  epithelial  cells,  e.g.  intestine,  situated  in  the 
outer  portion  of  the  cell.  But  when  the  cells  of  the  human 
mucous  glands  are  in  a  state  of  secretion,  i.e.  when  the  cells  are 
larger  and  filled  with  mucin,  the  nucleus  resembles  in  its  com- 
pressed shape  and  its  peripheral  position  that  of  the  mucous 
cells  of  the  dog's  gland  when  in  the  same  state. 

The  alveoli  or  gland  tubes  of  the  scarce  mucous  glands  of  the 
human  oesophagus  present  themselves  in  the  following  states : 
(a)  either  they  are  lined  with  beautiful  columnar  cells,  which  on 
account  of  the  dense  nature  of  the  intracellular  network,  appear 
*'  granular,''  the  fibrils  having  however  predominantly  a  longitu- 
dinal arrangement,  hence  the  cell-substance  appears  more  or  less 
distinctly  longitudinally  striated ;  each  cell  possesses  a  spherical 
nucleus,  situated  in  the  outer  part  and  containing  a  uniform 
network,  {b)  Or  the  alveoli  are  lined  with  mucous  cells  of  the 
ordinary  description  with  a  nucleus  pressed  against  the  membrana 

I)ropria ;  the  ceU-substance  is  clear,  and  its  network  open 
ike  that  of  ordinary  mucous  cells ;  we  notice  also  here  that  the 
network  has  a  different  arrangement  in  the  inner  and  outer 
portion  of  the  cell,  in  the  former  being  more  longitudinally 
arranged — hence  this  part  appears  longitudinally  striated, — ^in 
the  latter  the  network  is  more  uniform.  The  interfibrillar  or 
interstitial  substance,  i.e.  the  substance  contained  in  the  network, 
is  in  some  alveoli  a  clear  homogeneous  substance — muoigen ;  in 
others  it  is  stained  deeply  with  hsematoxylin — mucin,  the  cell 
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being  larger  in  the  latter  case.  In  these  alveoli  also  the  lumen 
contains  mucin,  (c)  Finally  there  are  glands  in  which  some 
alveoli  are  lined  at  the  same  time  with  granular  and  mucous  cells 
side  by  side. 

A  similar  interesting  condition  is  presented  by  the  mucous 
glands  of  the  human  larynx  and  trachea^  especially  of  the  epi- 
glottis^ where  the  same  alveolus^  lined  both  with  granular 
columnar  cells  and  mucous  cells  side  by  side^  is  the  common 
occurrence.    (See  also  Tarchetti  mentioned  above.) 

In  fig.  5  I  have  faithfully  represented  a  part  of  an  alveolus  of  a 
mucous  gland  of  epiglottis  lined  by  '*  granular ''  cells  and  mucous 
cells.  It  is  here  also  shown  that  the  ''  granular  ^'  cells  possess 
a  striated  border,  and  I  have  to  repeat  here  what  I  have 
stated  already  several  times  before,  viz.  that  the  striae  are  due  to 
the  fibrils  of  the  cell-substance,  and  that  the  bright  border- 
substance  is  independent  of  it.  If  we  place  side  by  side  the 
experience  thus  gained  in  the  examination  of  the  human  epi- 
glottis and  oesophagus,  we  are  led  to  the  conclusion  that  in  these 
organs  the  state  in  which  mucigen  and  mucin  is  present  in  the 
gland  cells  is  preceded,  or  followed  respectively,  by  a  state  in  which 
the  cells  possess  the  same  character  as  for  instance  the  epithelial 
cells  of  the  intestine,  viz.  in  which  the  interfibrillar  or  interstitial 
substance  is  present  only  in  an  infinitesimal  amount,  and  hence 
the  closeness  of  the  network  and  the  granular  appearance. 
This  corresponds  very  probably  to  the  condition  observed  by 
Lavdowsky  (1.  c.)  in  the  exhausted  mucous  glands. 

The  ducts  of  the  glands  of  the  human  cesophagus  are  in  their  deeper 
section  lined  with  a  layer  of  columnar  epithelial  cells,  and  outside  this  a 
layer  of  small  polygonal  cells ;  the  former  show  a  beautiful  longitudinal 
striation.  The  same  structure  is  to  be  observed  in  the  columnar  epithelial 
cells  lining  the  ducts  of  the  glands  of  the  human  larynx  and  trachea. 

The  occurrence  of  the  columnar  *'  granular  "  epithelial  cells 
side  by  side  with,  and  changing  into  the  mucous  cells  in  the 
glands  of  the  epiglottis  of  man  shows  us  the  identity  of  this 
appearance  with  that  observed  in  the  intestine  (the  surface  of  the 
mucosa  and  in  the  crypts  of  Lieberkiihn),  viz.  the  presence  of 
ordinary  *'  granular  '^  columnar  epithelial  cells  side  by  side  with 
mucous  secreting  goblet  cells  and  the  convertibility  of  the  one 
into  the  other.  That  the  mucous  cells  in  mucous  glands  are 
identical  in  shape,  structure  and  function  with  the  goblet  cells  of 
the  intestine  has  been  mentioned  previously  more  than  once. 

Before  concluding  this  chapter  I  must  say  a  few  words  con- 
cerning the  "  serous  '*  glands  of  the  tongue  treated  in  so  ex- 
cellent a  manner  by  v.  Ebner  in  his  monograph  above 
quoted.  The  gland  cells  lining  the  alveoli  of  these  glands 
are  not  composed  of  ^' granular^  protoplasm  as  represented  by 
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V.  Ebner,  but  show  a  very  beautifol  and  dense  network  of  fibrils ; 
hence  their  apparent  granulation.  Preparations  of  the  **  papilla 
foliata"  of  rabbit's  tongue  hardened  first  with  MiiUer's  fluid  and 
then  with  methylated  alcohol^  as  also  the  parts  of  human  tongue 
containing  the  circumvallate  papillse  hardened  in  our  mixture 
of  chromic  acid  and  methyl,  alcohol  above  mentioned,  yield  very 
good  results.  All  that  is  necessary  is  to  examine  a  very  thin 
part  of  a  section,  stained  with  logwood,  with  a  good  high 
power.  It  will  then  be  also  noticed  that  the  nucleus  does 
not  contain  a  "granular''  substance  nor  a  nucleolus,  but  a 
uniform  network  with  the  usual  dots  in  the  nodes.  The  intranu- 
clear fibrils  can  be  traced  through  the  membrane  of  the  nucleus 
into  the  intracellular  network.  At  the  same  time  we  notice 
that  whereas  the  cells  lining  the  peripheral  alveoli  of  the  lobules 
in  the  serous  glands  of  rabbit  are  polygonal  as  stated  by  v. 
Ebner,  they  are  beautiful  columnar  oells  in  the  glands  of  man. 

5.  TAe  Cells  of  the  Olanda  of  the  Stomach  and  the  Duodenum, 

In  this  paragraph  I  wish  merely  to  state  my  observations  as 
regards  the  structure  of  the  cells  lining  the  above  glands. 

(a)  The  glands  of  the  fundus.— A&  is  well  known  from  the 
researches  of  Heidenhain,i  Rollett^  and  others,  the  cells  called  bv 
Heidenhain  chief  cells,  by  EoUett  adelomorphous  cells  are  distin 
^^f^'^t  n""^  the  parietel  ceUs  (Heidenhain),  or  delomorphous 
cells  (Rollett),  not  only  by  their  different  shape  and  position,  but 
also  by  their  different  aspect  the  former  being  more  transparent 
than  the  latter,  which  by  their  "granulation"  are  always  more 
conspicuous.  Examining  the  two  kinds  of  cells  in  the  dands  of 
the  fundus  of  man,  pig,  cat  and  dog,  in  the  fresh  state,  or  after 
maceration,  or  m  specimens  hardened  with  chromic  acid  and 
spunt,  I  find  that  the  substance  of  both  the  chief  cells  and 
parietal  cells  is  composed  of  a  more  or  less  distinct  network  of 
fibnls  with  this  difference,  that  in  the  latter  the  network  is  much 
denser,  hence  its  "granular"  appearance.  And  also  the  nuclei 
of  both  show  a  uniform  network,  especially  the  nucleus  of  the 
parietal  cells  IS,  m  this  respect,  of  a  very  regular  appearance, 
Ihe  best  method  to  show  these  minute  structures  is  to  harden 
the  above  glands,  especially  of  dog,  first  in  a  mixture  of  chromic 
acid  (2  parts  of  ^  per  cent.),  and  methylated  alcohol  (l  part) 
and  after  four  or  five  days  to  complete  the  hardening  in  methy- 
lated  spirit.       Thm   sections   stained    in    hematoxylin   show 

*  *  Archiv  f.  Mikrosk.  Anat.,  Band,  vi,  p.  336 
3  nlftlsJll'*'^''  ^^^^'  ^'''  ^^  "'"'^  ^^'  """^  ^°"''^''  'Untersuchungen; 
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the  network  of  both  the  parietal  and  chief  cells  very  beautifully. 
The  chief  cells  contain  in  these  specimens  a  network  very  simi- 
lar to  that  described  above  of  the  mucous  cells,  but  the  meshes 
of  the  network  are  not  quite  as  large  in  the  former  as  in  the 
latter.  Comparing  the  cnief  cells  of  the  fundus  of  stomach  of  a 
dog  killed  twenty-four  hours  after  partaking  of  food  (the 
stomach  being  found  empty),  with  the  same  cells  of  a  dog,  about 
the  same  age,  one  hour  after  a  copious  meal  of  meat^  it  is  seen  that 
in  the  latter  instance  they  are  larger  (Heidenhain),  and  that  they 
show  the  network  tnore  distinct,  being  more  open  than  in  the  former. 
In  figure  17  1  have  represented  the  appearances  presented  by 
the  chief  cells  and  parietal  cells  of  fundus  of  stomach  of  dog, 
the  stomach  having  been  hardened  in  the  above  mixture  of 
chromic  acid  and  spirit.  As  I  mention  in  the  explanation  of 
figure  19  to  the  plate  vii,  accompanying  this  paper,  the  struc- 
tural appearances  presented  by  these  stomach  glands  are  in 
many  respects  similar  to  those  of  the  mucous  glands  of  pharynx  and 
submaxillary  gland  of  dog.  The  mucous  or  central  cells  of  the 
latter  differ  from  the  parietal  cells  of  the  '^crescents''  in  the  same 
manner  as  the  chief  cells  differ  from  the  parietal  cells  of  the 
stomach,  viz.,  in  the  nature  of  the  intracellular  network. 

The  epithelial  cells  iinioff  the  duct  of  the  peptic  glands  are,  daring 
digestion,  e,^,  in  a  dog  killea  one  hour  after  meal,  loaded  with  mucin. 

(b)  The  glands  of  the  pylorus. — Ebstein^  has  shown  that  the 
cells  lining  the  gland  tubes  of  the  pylorus  of  stomach  of  dog 
possess  a  different  character  in  the  state  of  hunger  and  in  that 
of  digestion ;  in  the  former  the  cells  are  of  a  clear,  finely  granular 
contents,  their  nucleus  being  flattened  and  situated  next  the 
membrana  propria,  in  the  latter  the  cells  are  shorter,  more 
opaque,  and  their  nucleus  round  and  situated  more  towards  the 
centre  of  the  cells.  Ebstein  has  also  pointed  out  that  although 
the  cells  lining  the  pylorus-glands  contain  a  certain  amount  of 
mucus^  they  are  not  mucus-secreting  cells  like  those  of  the 
ordinary  mucous  glands,  with  which  they  have  generally  been 
compared,  but  are  to  be  placed  in  the  same  category  with  the 
chief  cdls  of  the  glands  of  the  fundus.  Bentkowski  ^  confirms 
Ebstein's  observations. 

I  am  in  a  position  to  confirm  these  assertions  of  Ebstein,  in 
so  far  as  I  find  the  cells  lining  the  pyloric  glands  of  dog  pre- 
senting two  different  aspects  according  to  the  state  of  the 
stomach.  First,  the  cells  are  found  to  be  transparent,  slender 
columnar  cells  with  a  cup-shaped  nucleus  pressed  against  the 
membrana  propria ;  the  cell  substance  is  a  distinct  network  of 
fibrils,  the  meshes  containing  a  clear  homogeneous  substance. 

^  '  Archiy  f.  Mikrosk.  Anatomie,'  Band,  vi,  p.  628. 
«  'Mcdicin.  Zeitung/  Nos.  14, 16, 17  and  18,1876. 
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Secondly,  the  cells  are  considerably  shorter,  their  substance  is  a 
close  network  of  fibrils,  hence  their  aspect  is  more  granular  than 
in  the  former  state ;  their  nucleus  contains  a  uniform  network 
is  less  compressed,  but  not  quite  round,  and  is  slightly  more 
removed  from  the  membrana  propria  than  in  the  former  state ; 
this  second  state  is  found  only  after  prolonged  secretion.  In 
both  stages,  however,  the  cell-substance  presents  more  or  less  a 
lon^tudinal  striation  owing  to  the  network  being  arranged  more 
or  less  longitudinally.  Unlike  Ebstein,  I  have  found  in  a 
good  many  glands  during  digestion  real  mucous  cells  as 
in  the  mucous  and  submaxillary  glands,  i.e.,  I  have  seen  the 
interfibrillar  or  interstitial  substance  staining  with  logwood  like 
mucin  does,  and  for  this  reason  I  think  that  these  cells  are  not 
quite  so  removed  from  mucous  secretion  as  Ebstein  states.  The 
columnar  epithelial  cells  lining  the  ducts  of  these  glands  and 
covering  the  free  surface  of  the  mucosa  are,  during  digestion, 
loaded  with  mucin,  as  has  been  known  to  F.  E.  Schultze, 
Ebstein  and  Watney.  In  the  dog  I  have  never  seen  them  other- 
wise but  open,  and  I  agree  therefore,  with  F.  E.  Schultze  and 
Biedermann  against  Ebstein,  who  states  that  they  are  closed  in 
the  state  of  hunger,  and  is  therein  confirmed,  at  any  rate  for  the 
pylorus  of  rabbit,  by  Watney  (loc.  cit.,  p.  47 1).^ 

In  my  article  on  "  Stomach,*'  in  Strieker's  *  Handbook,'  p. 
548, 1  nave  stated  that  neither  in  the  human  stomach  nor  in  that 
of  dog  do  I  find  such  a  definite  boundary  between  the  peptic 
and  the  pyloric  glands,  as  had  been  maintained  by  Henle, 
Kolliker,  bonders,  Leydig  and  others,  but  that  the  unbranched 
glands  containing  peptic  cells  merge  into  the  branched  glands  of 
ttie  pylorus  lined  with  simple  columnar  cells.  These  latter  were 
then  always  described  as  the  mucous  glands  in  contradistinction  to 
the  peptic  glands  of  the  fundus.  Eollett  (loc.  cit.)  has  con- 
tradicted that  assertion,  inasmuch  as  he  found  always  a  sharp 
contrast  and  boundary  between  the  two  kinds  of  glands. 
Ebstein  (loc.  dt.,  p.  517),  on  the  other  hand,  while  agreeing 
with  RoUett  that  the  mucous  membrane  of  the  regio  pyloria 
contains  only  glands  that  are  Uned  with  columnar  cells,  and  does 
not  contain  any  so-called  peptic  cells — i,e.,  cells  corresponding 
to  the  parietal  cells  of  Heidenhain,  finds  in  the  stomach  of  dog 
a  small  region,  *'  intermediary  aone/'  in  which,  between  the  so- 
called  mucous  glands,  one  or  two  peptic  gland  tubes  may  be  met 
with.  This  zone  is,  according  to  Ebstein,  about  1 — 1*5  centim. 
broad,  and  lies  just  where  the  brownish  mucous  membrane  of  the 

^  I  agree  with  Watner  that  the  nuclei  are  m  no  stage  of  digestion  so 
round  as  represented  by  Ebstein,  at  any  rate  not  over  very  large  parts  of  the 
stomach,  although  I  think  Watney  goes  too  far  in  saying  that  they  are 
always  discoid,  i,  e.  confessed ;  this,  although  true  for  specimens  pre- 
pared with  chromic  acid,  is  not  applicable  to  spirit-specimens. 
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fundus  contrast  with  the  pale  membrane  of  the  pyloric  region. 
I  have  examined  carefully  this  intermediary  zone  of  Ebstein  and 
theparU  next  to  it  in  the  stomach  of  dog^  and  I  must  more  than 
ever  maintain  my  original  assertion,  viz.  that  in  these  parts  the 
two  kinds  of  glands  merge  into  one  another. 

When  approaching  the  pyloric  r^on,  we  find  the  peptic 
glands  considerably  altering  their  appearance.  (a)  The 
so-called  stomach  pits  or  ducts,  lined  by  the  same  slender  col- 
umnar epithelium  as  the  free  surface,  become  considerably 
longer ;  while  their  length  in  the  peptic  glands  of  the  fundus 
in  most  cases  amounts  to  about  0*1  mm.,  and  only  rarely 
exceeds  0*15  mm.,  we  find  them  near  the  regio  pyloria  as  long 
as  0*28  mm.  The  longest  ducts  of  the  mucous  glands  of  the 
pyloric  region  when  measured  in  a  section,  cut  exactly  vertically 
do  not  amount  to  more  than  0*3  to  0*86  mm.  So  that  we  have 
the  ducts  gradually  increasing  from  a  len^h  of  about  0*1  mm. 
in  the  funaus  to  0*28  mm.  near  the  pylonc  region,  and  to  0*3 
and  0*35  mm.  in  the  pyloric  region  itself. 

{b)  In  proportion  as  the  ducts  increase  in  length  the  rest  of 
the  eland  tube  decreases. 

(^  Whereas  in  the  fundus  the  peptic  gland  tubes,  except  the 
deepest  section  which  is  more  or  less  curved  and  bent,  are  little 
deviating  from  what  can  be  fairlv  described  as  a  straight  course 
vertical  to  the  surface,  we  find  them  near  the  pyloric  region  very 
greatly  bent,  and  what  I  must  specially  accentuate,  o^ten  branched 
into  two  or  three  tubes ;  this  is  the  case  not  merely  in  the  deepest 
portion, — for  a  branched  condition  of  this  is  occasionally  met 
with  also  in  the  fundus, — ^but  as  in  the  pyloric  glands  at  any 
point  of  the  gland  tube. 

(J)  In  looking  through  specimens  made  from  parts  near  the 
intermediary  zone,  we  find  the  greater  majority  of  the  gland  tubes 
of  the  same  breadth,  including  the  same  small  lumen,  and  pre- 
senting the  same  distinction  mto  chief  cells  and  parietal  cells, 
and  also  the  same  distribution  of  these,  as  in  the  gland  tubes  of 
the  fundus.  But  we  find  amongst  these  several  instances  where 
the  gland  tubes  approach  those  of  the  pyloric  region,  being 
much  broader  and  containing  a  much  larger  lumen,  presenting, 
however,  still  a  distinction  into  chief  cells  and  parietal  cells,  with 
the  difiPerence  that  these  latter  are  considerably  scarcer  than  in 
the  other  peptic  glands.^  This  change  in  the  size  of  the  tube 
and  its  lumen  is  to  be  noticed  first  m  the  deepest  parts  of  the 
glands,  and  I  have  several  instances  before  me  where  the  breadth 
of  the  tube  and  its  lumen  are  not  a  shade  smaller  than  in  those 
of  the  pyloric  glands.    As  is  well  known,  the  comparatively 

1  Bentkowski  (1.  c.)  arrived  at  a  similar  conclusion  in  the  examination  of 
the  stomach  of  dog  and  pig. 
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narrow  body  and  small  lamen  of  the  peptic  glands  of  the  fundus 
of  dog's  stomach  form  a  veir  marked  contrast  with  the  broad 
tubes  and  large  lumen  of  the  so-called  mucous  glands  of  th  e 
pylorus  of  the  same  animal^  and  for  this  reason  the  above-named 
change  of  the  tubes  in  these  characters  is  of  importance. 

(e)  In  this  I  do  not  refer,  like  Ebstein  (1.  c),  to  the 
occurrence  of  **a  few  peptic  gland  tubes  amongst  a  series  of 
mucous  glands/^  but  to  a  few  broad  tubes  with  large  lumen  lined 
with  columnar  epithelium  and  containing  only  a  few  parietal  cells, 
amongst  a  majority  of  ordinary  peptic  gland  tubes.  These  broad 
tubes  resemble  the  tubes  of  the  pyloric  glands  in  every  respect ; 
they  are  branched,  and  their  columnar  epithelium  lining  the 
broad  lumen  in  no  way  differs  from  that  of  the  above  glands ; 
and  if  it  were  not  for  the  facts  (a)  that  we  still  find  a  few  parietal 
cells,  and  (J)  that  towards  the  neck  they  pass  into  a  narrow 
gland  tube  with  small  lumen  and  a  goodly  number  of  parietal 
cells,  we  could  not  distinguish  them  from  the  tubes  of  the  mucous 
glands. 

The  preparations  to  which  I  here  refer  were  hardened  in  the  mixture  of 
chromic  acid  and  spirit  mentioned  several  times ;  the  lumen  of  the  peptic 
gland  is  lined  with  cells  which  in  all  respects  resemble  those  lining  the 
tubes  of  the  pyloric  glands,  u  e,  transparent  columnar  cells  with  the  charac- 
teristic cup-shaped,  i.  e.  compressed  nucleus  close  to  the  membrana  propria. 
In  this  I  see  a  fact  in  support  of  Ebstein's  theory  of  the  identity  of  the 
chief  cells  of  the  peptic  glands  with  the  cells  lining  the  pyloric  glands. 

I  have  before  me  a  specimen  in  which  I  find  the  following  con- 
dition: a  very  large  duct — 0*08  mm.  broad  and  0*28  mm.  long — 
branches  into  four  tubes,  two  of  them  differ  in  no  way  from  the  other 
peptic  glands  present  in  the  vicinity ;  they  are  relatively  narrow, 
have  a  small  lumen,  are  somewhat  convoluted,  and  present  the 
usual  number  of  parietal  cells.  The  other  two  are  exactly  like 
them  in  the  neck  and  the  beginning  of  the  body  of  the  tube, 
but  in  the  deeper  part  they  differ  inasmuch  as  both  are  very  much 
broader ;  one  of  them  (No.  3)  is  just  as  broad  and  its  lumen  just 
as  large  as  a  gland  tube  of  the  pylorus ;  and  the  other  (No.  4)  is 
somewhere  between  the  ordinary  peptic  and  pyloric  gland.  And 
in  conformity  with  this  alteration  we  find  also  in  No.  8  very  few 
parietal  cells — I  count  two  parietal  cells  only  from  the  neck  to 
the  fundus  of  the  tube.  In  No.  4  they  are  more  numerous,  but 
considerably  fewer  than  in  Nos.  1  and  2. 

The  breadth  of  tube  No.  1  or  2  does  nowhere  exceed  0*013  mm.,  its 
lumen  is  hardly  measurable  with  an  Ob.  7  of  Hartnack ;  in  tube  No.  3  the 
breadth  of  the  tube  is  007  mm.,  and  the  lumen  0*013,  >. e,  the  lumen  alone 
is  as  big  in  No.  3  as  the  whole  tube  in  Nos.  1  and  2. 

After  these  facts  I  am  justified  in  saying  that  the  two  kinds 
of  glands,  viz.  the  peptic  glands  of  fundus  and  the  so-called 
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mQcous  glands  of  the  authors  (single  peptic  glands  of  Ebstein) 
in  the  pyloric  region  of  dog  merge  into  one  another. 

(<7.)  The  glands  of  Bruwner. 

I  folly  agree  with  those  observers  who  have  maintained  the 
great  similarilr  in  appearance  of  the  cells  lining  the  glands 
of  Branner^  ana  those  oi  the  pyloric  end  of  the  stomach  (Schwalbe^^ 
Hirt,*  Watney')  \  and  I  can  likewise  confirm  the  assertion  of  Co- 
belli*  and  Watney^  as  to  their  anatomical  continuity,  or  rather 
the  gradual  transition  of  the  pyloric  glands  into  the  glands  of 
Brunner  in  the  duodenum.  As  regards  the  minute  relations  of 
the  cells  of  the  latter  glands,  I  should  especially  refer  the 
reader  to  Schwalbe's  exhaustive  paper.  Like  Hirt,  I  know  two 
stages  of  the  cells  lining  these  gland  tubes  (Schlemmer*)  {p)  one 
in  which  the  cells  are  thin,  long,  columnar  cells,  open  at  their 
free  end ;  their  substance  is  transparent  and  contaming  a  net- 
work of  fibrils  with  more  or  less  open  meshes ;  the  nucleus  is 
cup-shaped  and  pressed  against  the  membrana  propria;  and 
(J)  another  stage,  in  which  the  cells  appear  shorter  and  thicker, 
the  network  of  their  substance  very  close,  so  that  this  appears 
very  *'  granular,^'  the  nucleus  round  and  near  but  not  quite 
dose  to  the  membrana  propria.  In  both  states  the  cells  appear 
longitudinally  striated,  but  especially  so  in  the  latter.  In  figs.  6 
and  7 1  have  represented  these  two  states,  and  the  difference  appears 
sufficiently  clear.  But  just  as  in  the  case  of  the  pyloric  glands, 
so  also  here  the  state  h  does  not  correspond  to  the  state  of  secretion 
in  the  sense  named  by  Ebstein  for  the  pyloric  glands,  and  by 
Hirt  for  the  Brunner's  glands,  but  rather  to  a  state  after  pro- 
longed secretion  or  exhaustion,  for  during  the  first  hour  or  two 
after  taking  food  and  in  the  state  of  hunger  the  cells  always  pre- 
sent the  appearances  described  above  sub  a. 

In  preparations  prepared  with  spirit,  provided  the  cells 
present  themselves  in  state  d,  %,e.  with  a  spherical  nucleus,  we  find 
in  many  nuclei  one  or  two  large  bright  particles— nucleoli — ^in- 
cluded in  the  intranuclear  network.  With  a  high  power  I  am 
able  to  trace  that  these  large  particles  are  not  simple  structures, 
but  represent  a  shrunken  part  of  the  network. 

6.  The  Liver  Cells. 
As  I  mentioned  in  the  first  part  of  this  paper,  Kupflfer*^  had 

*  *  Archly  f.  mikr.  Anatom.,'  Band,  viii,  p.  133. 

«  In  a  letter  by  Prof.  Heidenhain  to  the  Editor  of  the  *  Archi?  f.  mikr. 
Anatom./  Band,  viii,  p.  279. 
»  L.  c,  p.  477. 
«  '  Sitxungsb.  d.  k.  Akad.  d.  Wiss./  Band.  1. 1867. 

•  L.c. 

"  '  Sitzungsber  d.  k.  Akad.  d.  Wiss./  Band.  60,  i,  1869, 
^  '  Festschrift,'  an  Carl  Ladwig,  1875. 
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stated  that  the  substance  of  the  liver  cells  of  frogconsistsof  ahyaline 
ground  substance — paraplasma — and  of  a  granular-fibrillar  con- 
tractile ''  protoplasma/'  With  reference  to  the  liver  cells  of  mam- 
malian anunals;  I  can  fully  confirm  that  observation^  finding  that 
their  substance  is  composed  of  a  minute  network^  in  whose 
meshes  is  included  a  hyaline  substance;  we  have  here  what  we 
mentioned  on  so  many  previous  occasions^  an  intracellular  network 
of  fibrils^and  in  thisan  m^r/^dri^^r  or  in^^^i^^hyaline  substance. 
As  has  been  noticed  by  many  observers^  the  substance  of  the  liver 
cells  appears  when  examined  under  many  different  conditions — 
fresh  in  saline  solution^  aqueous  humor^  or  macerated  in  iodised 
serum,  solution  of  bichromate  of  potash  or  Muller's  fluid^especially 
when  hardened  in  spirit,chromic  acid,  or  Muller's  fluid — of  a  *' uni- 
formly granuW  character.  This  ''uniformly  granular''  aspect  is 
due  to  the  very  close  nature  of  the  intracellular  network,  as  I  ex- 
plained on  several  previous  occasions.  In  the  liver  of  guinea  pigs, 
the  portal  vein  of  which  had  been  injected  with  a  2  per  cent,  solu- 
tion of  Briicke's  Berlin  blue,  then  hardened  in  spirit  and  stained  in 
carmin  or  hsematoxylin,  I  find  (a)  in  many  acini  the  liver  cells 
composed  of  a  uniform,  beautiful  and  open  network  of  fibrils  and 
membranes,  in  connection,  through  the  nuclear  membrane,  with  a 
similar  network  pervading  the  nucleus  itself.  Next  to  cells  of 
this  kind  I  find  (b)  such  in  which  the  network,  although  its 
paits  are  still  distinct,  is  somewhat  closer,  and  it  requires  a 
highg*  power  to  distinguish  it  so  clearlv  as  in  the  former.  And 
lastly,  I  trace  these  to  (<?)  cells  in  which  the  network  is  so  close 
that  its  constituent  fibrils  cannot  be  made  out.  The  cell  sub- 
stance appears  uniformly  and  densely ''  granular.''  The  gradual 
transition  from  cells  of  the  nature  of  a  to  those  of  6  and  c  leave 
no  doubt  that  the  uniform  ''  granulation"  is  due,  as  mentioned 
before,  to  the  very  close  condition  of  the  network.  In  fig.  20 
I  have  represented  liver  cells  in  which  the  intracellular  network 
is  seen  of  the  character  mentioned,  sub.  b,  Le.  medium  grade  of 
closeness.    , 

The  liver  cells,  in  which  the  meshes  of  the  network  are 
comparatively  widely  distended,  are  considerably  lareer  than 
those  whose  substance  appears  densely  ''  granular,"  and  this  is 
easily  intelligible,  if  we  remember  that  the  distinctness  of  the 
network  is  due  to  the  distension  of  its  meshes.  Whether  in  the 
course  of  functional  activity  the  liver  cells  show  such  differences 
of  the  network,  as  we  mentioned  on  several  previous  occasions 
(mucous  glands,  Brunner's  glands,  intestinal  epithelium,  &c.),  I 
am  not  in  a  position  positively  to  assert,  although  I  have  noticed 
certain  facts  which  lead  me  to  believe  that  also  in  the  liver-cells 
a  difference  of  the  appearance  of  their  network  corresponds  to 
fi  different  state  of  function.    Thus,  for  instance,  I  have  found 
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that  in  a  liver — hardened  in  80  per  cent,  of  methylated  spirit, 
or  in  our  mixture  of  chromic  acid  and  methylated  spint^— 
obtained  from  a  dog  killed  either  after  having  been  kept  without 
food  for  twenty-four  hours  or  one  hour  after  taking  its  food,  the 
liver  cells  show  a  more  open  network,  i,  e.  the  interstitial  sub- 
stance is  present  in  a  greater  amount,  than  if  the  liver  be 
taken  of  an  animal  that  bad  been  killed  five  or  six  hours  after 
partaking  of  a  meal,  in  which  case  the  cells  appear  more  uni- 
formly ''  granular,'^  L  e.  the  network  closer  and  the  interstitial 
substance  less  abundant. 

The  nucleus  of  the  liver  cells  is  spherical,  and  contains  a 
uniform  network.  Some  nuclei  show  a  regular  layer  of  peripheral 
circular  fibrils  mentioned  on  a  former  page.  Spirit  preparations 
often  reveal  in  this  network  one  or  more  central  or  eccentric 
large  dots — nucleoli;  in  some  livers,  hardened  in  strong  spirit, 
there  is  hardly  a  liver  cell  that  does  not  possess  a  nucleolus, 
but  in  other  livers,  hardened  in  80  per  cent  of  spirit  or  in 
chromic  acid,  I  see  only  few  liver  cells  whose  nucleus  possesses,  a 
necleolus. 

For  this  reason  alone  it  cannot  be  regarded  as  an  important 
element.  When  examining  carefully  with  a  high  power  (Hart- 
nack,  immersion  10)  a  series  of  nuclei  which  contain  what  would 
generally  pass  for  a  '^  characteristic,  large  and  bright  nucleolus,^' 
I  find  that  twice  out  of  three  times  I  can  see  that  it  is  a  complex 
structure,  and  traceable  to  a  part  of  the  intranuclear  network 
having  shrivelled  up.  But  besides  the  small  bright  dots  due  to 
optical  sections  of  fibrils,  there  are  undoubtedly  larger  particles 
in  some  intranuclear  networks,  but  these  are  smaller  than  the 
above  "  characteristic  "  nucleoli. 

In  the  nuclei  of  liver  cells  that  show  the  intracellular  network 
with  open  meshes,  e.  g.  the  liver  of  guinea-pigs  injected  with  2 
per  cent  of  Berlin  blue,  the  intranuclear  network  does  not  contain 
as  a  rule  any  traces  of  larger  particles ;  it  is  a  uniform  network 
and  anatomoses  with  the  former  by  a  great  many  radiating 
branchlets.  I  do  not  agree  with  Kupfer,  according  to  whom  the 
network  is  most  conspicuous  around  the  nucleus,  for  in  those 
instances  in  which  I  find  the  network  in  its  greatest  distinctness 
and  beauty  (see  guinea-pig's  liver  treated  as  above  stated),  I  see 
that  it  pervades  the  substance  of  the  liver  cells  in  an  uniform  manner. 
In  some  instances  of  the  injected  guinea-pig's  liver  I  have  seen  this 
network  assume  a  faint  blue  tint  on  that  part  of  the  cell 
that  is  next  to  a  capillary  vessel,  but  I  presume  this  is  due  to  an 
imbibition  of  the  network  with  the  Berlin  blue.  In  many  places 
the  network  of  one  cell  is  seen  in  direct  connection  with  that  of  the 
neighbouring  cells. 

In  conclusion,  I  wish  to  mention  an  appearance  which  I  have 
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met  with  in  the  liver  of  dog,  pig  and  guinea-pig,  hardened  in 
spirit  and  also  in  chromic  acid ;  it  is  this : — The  substance  of 
some  liver  cells  presented  two  more  or  less  distinct  zones,  one 
smaller  one  apparently  homogeneous,  or  faintly  granular  and 
stained  in  hsematoxylin ;  and  a  larger  one,  more  transparent,  not 
stained,  and  showing  the  above  network  more  or  less  distinctly. 
The  nucleus  of  these  liver  cells  is  situated  peripherally, 
generally  more  or  less  closely  to  the  homogeneous  zone, 
or  even  in  it.  The  appearances  in  this  latter  instance 
are  to  a  great  extent  similar  to  those  presented  by  the  cells 
linmg  the  gland  tubes  of  the  pancreas  (Langerhans*  and  Hei- 
denhain.^ 

7.  The  Cells  of  Laminated  Epithelium. 

In  this  paragraph  I  wish  to  notice  merely  the  structure  of  the 
more  or  less  polyhedral  cells  forming  the  middle  and  deeper 
strata   of  the  laminated  epithelium,  e.g.  oral  cavity,  pharynx, 
(Bsophagus  and  anterior  surface  of  cprnea,  and  of  the  rete* 
Malpighii  of  the  epidermis. 

With  reference  to  the  epithelial  cells  of  the  first,  I  have  con- 
vinced myself  in  fresh  specimens  and  in  specimens  prepared  by 
macerating  bits  of  the  above  organs  in  iodized  serum,  5  per  cent, 
chromate  ammonia — the  same  method  being  used  as  described  in 
my  first  paper  with  regard  to  the  examination  of  stomach  of  newt 
—and  in  sections  after  hardening  with  our  mixture  of  chromic 
acid  and  spirit,  that  the  substance  of  these  cells,  usually  described 
as  of  more  or  less  uniformly  granular  appearance,  consists  of  a 
dense  network — intracellular  network  (see  fig.  18  a).  The 
nucleus  of  these  cells  is  likewise  permeated  by  a  delicate  network 
with  the  usual  small  bright  dots  in  its  nodes  (see  fig.  18  b). 
There  are  occasionally  seen  in  it  one  or  two  larger  particles,  com- 
parable to  the  nucleolus  auct.,  but  the  number  of  nuclei  contain- 
ing it  is  in  some  parts  extremely  small.  I  miss  them,  for 
instance,  in  cells  in  which,  of  all  others,  one  would  have  sup 
posed  they  should  be  present,  viz.  in  the  deepest  cells  of  the 
laminated  epithelium,  for  it  is  these  cells  which,  according  to  the 
observations  of  most  writers,  are  concerned  in  the  process  of  re- 
producmg  the  epithelial  cells  of  the  layers  above  them.  Thus,  in 
preparations  of  the  deepest  epithelial  cells  of  the  cornea  I  do  not 
find,  in  the  majority  of  instances,  any  signs  of  distinct  nucleoli, 
and  the  same  must  be  said  also  of  the  deepest  cells  of  the  epithelium 
of  the  oesophagus,  pharynx  and  tongue.  Nay,  even  in  the  re- 
generation of  epithelium  of  cornea  after  a  superficial  defect,  of 

'  'Beitr.  z.  mikrosk*  Anat.  d.  Baucbsp./  Inaufi^i^ral  Dissert,  Berlin, 
1869.  ^ 

'  'Pfliiger's  Archiv/  Band,  x,  559. 
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which  organ  I  made  specimens  either  in  chloride  of  gold^  or 
spirit^  or  in  chromic  acid^  I  miss  a  nucleolus  in  the  majority  of 
epithelial  cells.  These  contain  a  uniform  network  of  fibrils.  And 
I  will  take  this  opportunity  of  saying  that  the  statements  by 
MayzeP  and  Eberth/  to  the  effect  that  dunng  the  regeneration 
of  epithelium  those  nuclei  that  contain  filaments,  or  a  network  of 
them,  are  peculiar  forms  of  developing  nuclei,  is  in  so  far 
erroneous^  as  every  nucleus  contains  such  a  network.  But  it  is 
quite  possible  that  under  those  special  conditions  the  intra- 
nuclear network  becomes  more  prominent  and  distinct^  and 
therefore  more  easily  visible^  although  I  do  not  notice  in  my 
specimens  any  marked  difference  in  this  respect. 

The  cells  of  the  middle  layers  of  the  epithelium  of  the  human 
oesophagus,  obtained  soon  after  death,  show  the  intracellular  net- 
work and  fibrils  passing  from  one  cell  to  the  other.  If  a  section 
through  this  epithelium  be  examined  with  the  new  excellent  V, 
inch  oil-immersion  of  Zeiss,  the  intranuclear  network,  the  con- 
nection of  this  with  the  intracellular  one^  and  the  passage  of 
bundles  of  fibrils  from  one  cell  to  J;he  other^  is  as  distinct  as  one 
can  wish. 

In  the  flattened  cells  of  the  superficial  layers  of  the  epithelium 
of  the  first  passages  of  the  alimentary  canal,  I  cannot  trace  the 
intracellular  network  with  distinctness^  but  the  nucleus^  except 
in  the  most  superficial  cells,  still  contains  the  network.  The 
nuclei  of  even  the  most  superficial  cells  of  the  epithelium  of 
cornea  of  frog,  newt^  or  mammalian  animal,  when  examined  fresh 
or  in  sections  after  hardening  in  chloride  of  gold  and  then  spirit, 
or  spirit  alone,  or  chromic  acid^  show  the  intranuclear  network 
with  more  or  less  distinctness. 

1  have  seen  the  intranuclear  network  in  seyeral  instances  even  in  the 
squamous  cells  spontaneously  detached  from  the  epithelium  of  mouth  and 
floating  in  saliya. 

The  same  structure,}. ^.intracellular  and  intranuclear  network, 
is  also  possessed  by  the  epithelial  cells  of  the  deeper  and  middle 
stratum  of  the  rete  Malpighii  of  epidermis.  The  " prickles'' 
between  these  cells,  first  observed  by  Max  Schultze*  in  the  cells 
of  the  middle  layer  of  the  epidermis  and  laminated  epithelium  of 
oral  cavity,  are  directly  connected  with  the  intracellular  network, 
and  form  at  the  same  time  the  connecting  fibrils  between  adjacent 
cells  (see  fig.  19).  This  is  quite  in  conformity  with  the  observa- 
tions of  Bizzozero^  and  Heitzmann^.    This  last-named  author 

>  'Centralblatt,'  No.  60, 1875. 

2  *  Virchow's  Archiv,'  Band  67. 
»  'Centralblatt,'1869. 

*  '  Studi  f.  n.  Laboratorio  patol.  d.  Univ.  d.  Pavia,'  1870. 
^  '  Unters.  iiber  d.  Protoplasms, '  Sitzungsber.  d.  4kad.  d.  Wiss./  J^and, 
bjyii,  1873;  ii,  p.  U  of  *  Separatabdruck.' 
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maintams  that  every  epithelial  oellj  no  matter  whether  in  the  rete 
Malpighii^  or  the  laminated  epithelium  of  a  mncons  membrane^  or 
in  gland  tubesj  is  a  ^'prickle-cell/'  i.  e.  connected  with  its  neigh- 
boar  by  fine  processes^  and  that  every  nucleus  of  these  cells  is 
possessed  of  processes — ^that  is  to  say,  is  a  '' prickle-nucleus '^ 
(Stachelkem),  and  the  nucleolus  of  each  of  these  ^'prickle- 
nudei*'  is  similarly  constituted,  i.  e,  ia  9,  "prickle-nudeolus*' 
(Stacbelkemkorperchen).  In  the  foregoing  pages  I  have  several 
times  mentioned  the  relation  and  value  of  wnat  is  generally  de- 
scribed as  a  nucleolus  to  the  rest  of  the  nucleus,  and  we  have 
seen  that  its  nature  is  in  manj  instances  a  very  doubtful  one,  and 
its  occurrence  variable  and  mconstant,  and  I  cannot  therefore 
accept  what  Heitzmann  says  of  this  pseudo-organ.  Nor  can  I 
agree  to  the  proposition  that  all  epithelial  cells^  no  matter 
where  they  are  found,  are  ''  prickle-cells/' 

There  is  one  other  point  which  I  have  to  mention  in  connec- 
tion with  the  cells  of  the  laminated  epithelium  of  those  parts 
which  are  capable  of  being  placed  in  folds,  e.  g,  skin,  cesophagus 
and  pharynx.  It  is  this,  that  the  shape  of  the  cells  of  the  deeper 
and  middle  strata  may  be  entirely  altered  by  the  different  con- 
dition of  contraction  of  the  subjacent  membrane.  If,  for  instance, 
a  small  piece  of  the  above  organs,  while  being  hardened  in  spirit 
or  chromic  acid,  is  left  altogether  to  itself,  it  will  shrink  into 
folds  to  a  considerable  degree.  In  vertical  sections  through 
these  structures  the  rete  Malpighii,  or  the  laminated  epithelium 
respectively,  is  found  to  present  a  different  aspect  on  and  between 
the  folds,  inasmuch  as  in  the  former  instance  the  epithelial  cells 
of  both  the  middle  and  deeper  strata  possess  an  elongated  shape, 
their  long  axis  being  parsdlel  to  the  vertical  diameter;  in  the 
parts  between  the  folds  the  epithelial  cells,  on  the  contrary,  are 
more  dongated  in  the  horizontal  direction,  i.  e.  are  more 
flattened.  But  if  during  the  hardening  those  membranes  are 
prevented  from  an  excessive  shrinking  by  fixing  them  on  cork  or 
bone  or  cartilage,  the  shape  of  the  ceUs  of  the  above-named  layer 
will  be  found  of  the  typical  character  which  is  generallv  ascribed 
to  them,  viz.  the  deepest  cells  more  or  less  columnar,  the  follow- 
ing ones  more  or  less  polyhedral,  gradually  becoming  flattened 
as  the  surface  is  approached.  And  for  this  reason  the  rete 
Malpighii  of  the  epidermis  of  the  ear-lobe,  for  instance,  appears 
different  from  that  of  ordinary  skin  that  had  been  allowed  to 
shrink  during  hardening ;  in  the  former,  where  the  skin  is  pre- 
vented from  shrinking  by  being  fixed  on  the  cartilage,  the  rete 
Malpighii  is  of  the  typical  appearance ;  in  the  latter  the  cells  of 
the  middle  and  deeper  stratum  of  the  folds  are  very  much  elon- 
gated in  a  vertical  direction. 

In  connection  with  this  change  of  shape  we  also  see  that  the 
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intracellalar  network  has  a  somewhat  different  arrangement;  in 
the  elongated  cells  it  also  assumes  an  elongated  arrangement 
parallel  to  the  long  axis  of  the  cell,  so  that  the  cell-substance 
appears  longitudinally  striated. 

This  appearance  belongs  to  the  same  kind  as  the  one  I  de- 
scribed in  the  first  chapter,  viz.  the  alteration  of  shape  and 
arrangement  of  epithelial  cells,  owing  to  a  change  of  the  mem- 
brane on  which  the  epithelium  is  situated. 

8.  The  EpUAelial  Cells  of  the  Testu. 

In  this  paragraph  I  wish  to  describe  chiefly  the  structure  of 
the  nuclei  of  the  epithelial  cells  of  the  seminal  tubules  and  of  the 
so-called  parenchymatous  cdls  between  them  (tubules). 

(a)  Tf  we  examine  a  section  through  testis  of  full  grown  cat, 
dog  or  guinea-pig,  hardened  in  our  mixture  of  chromic  acid  and 
methylated  spirit,  or  in  pure  methylated  spirit,  we  see  that 
the  nuclei  of  the  polygonal,  or  more  or  less  rounded  cdls 
which  in  several  layers  line  the  seminal  tubules,  possess  a 
great  many  minute  rods  connected  into  a  network.  At  first 
sight  the  nucleus  appears  coarsely  and  uniformly  granular, 
but  on  careful  inspection  we  ascertain  that  these  coarse  gran- 
ules are  the  sectional  view  of  shorter  or  longer  rods.  The 
network  formed  by  them  possesses  on  this  account  a  some- 
what different  appearance  from  that  mentioned  on  several  pre- 
ceding occasions,  and  I  refer  the  reader  to  figure  15,  a  and  b, 
of  Plate  VII,  where  I  have  represented  these  appearances.  The 
nuclei  of  all  except  some  of  the  most  external  cells,  i.e.  those 
next  the  membrana  propria,  are  spherical  and  possess  the  network 
of  the  short  rods  mentioned  just  now.  The  nuclei  of  the  last- 
named  cells  are,  however,  oval,  and  contain  the  more  uniform 
network  of  fibrils  mentioned  of  other  nucleL 

The  same  character  of  a  network  of  short  rods  may  be  observed 
in  the  nuclei  of  the  multinuclear  large  cells  present  in  some  of 
the  seminal  tubes  of  cat  and  dog  (v.  La  Yalette).  There  is 
nowhere  any  sign  of  a  nucleolus. 

The  intranuclear  network  comes  out  with  great  distinctness  in 
preparations  of  testis  treated  with  a  5  per  cent,  solution  of 
chromate  of  ammonia,  and  subsequent  staining  in  picro-carmine 
in  the  manner  described  in  my  first  paper  of  stomach  of  newt.^ 
I  should  especially  recommend  for  class-demonstration  of  a  beau- 
tiful intranuclear  network  to  use  the  testicle  of  full-grown  newt, 
and  to  prepare  it  after  the  method  with  5  per  cent,  solution  of 
chromate  of  ammonia  and  subsequent  staining  in  picro-carmine. 

»  L.  c,  p.  319. 
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Tbere  are  several  interesting  appearances  connected  with  the  sperma- 
tozoa of  newt's  testis  prepared  in  thU  manner  which  I  shall  have  occasion 
to  describe  at  a  future  time,  but  one  I  wish  to  mention  already  here  on  ac- 
count of  its  verr  great  distinctness  and  also  on  account  of  the  great 
facility  with  which  the  preparations  may  be  obtained  and  preserved.  If 
after  staining  the  testis  in  picro- carmine  a  small  particle  of  its  interior, 
after  having  been  teased  out  with  needles,  is  mountea  in  a  drop  of  glycerine, 
we  notice  an  innumerable  mass  of  isolated  spermatozoa,  each  of  tohich 
possesses  a  fine  but  distinct  spiral  Jilament  coiled  round  the  whole  element — 
head,  middle  section  and  tail ;  the  spiral  thread  begins  near  the  anterior 
pointed  extremitv,  is  most  distinct  round  the  middle  section  and  tail,  and 
terminates  at  a  short  distance  from  the  end  of  this  latter ;  it  is  not  distinct 
on  the  thick  part  of  the  head« 

(b)  The  coimective  tissue  between  the  .seminal  tubes  of  the 
testis  contains  peculiar  epithelial-like  cells^  which  have  been 
known  to  all  who  have  investigated  the  testis.  They  have  been 
generally  described  (v.  Ebner,  Hofmeister^  and  others)  as  con- 
nective-tissue cells  of  the  interstitial  tissue.  Waldeyer^  regards 
Aem  as  a  peculiar  kind  of  connective-tissue  cells  which  he  calls 
plasma-cells.  Mihalkovic,*  who  accepts  Waldeyer*s  interpre- 
tation^ has  described  them  very  fully  in  the  testis  of  the  various 
domestic  animals.  Harvey'  regardls  them  as  belonging  to  the 
nervous  system^  i,e.  as  ganglion  cells. 

As  is  well  known,  they  occur  in  considerable  numbers— chiefly 
as  forming  anastomosing  tracts — ^in  the  testis  of  cat,  dog,  and  espe- 
cially guinea-pig.  Their  shape  is  generally  that  of  a  polyhecfral 
cell,  being  more  or  less  uniformly  pressed  against  one  another ; 
their  nucleus  is  spherical.  The  substance  of  these  cells  is  not 
a  ''  granular''  protoplasm,  as  usually  described,  but  an  exquisite 
network  of  fibnls.  In  sections  of  testis  of  cat  or  dog  (hardened 
in  our  mixture  of  chromic  acid  and  spirit),  stained  in  logwood, 
this  network  appears  with  great  distmctness,  its  meshes  being 
relatively  open.  In  figure  14  a  I  have  represented  very  faithfuUv 
this  appearance.  The  intracellular  network  is,  however,  much 
denser  m  the  cells  of  testis  prepared  with  5  per  cent,  solution  of 
chromate  of  ammonia  and  subsequently  stained  in  picrocarmine ; 
it  is  represented  of  guinea  pig's  testis  in  fig.  14  b. 

The  nucleus  of  these  cells  contains  in  all  instances  the  ordinary 
network  of  fibrils  in  connection  with  the  intracellular  network 
In  the  case  of  the  testis  hardened  in  chromic  acid  and  spirit, 
the  nucleus  of  most  of  the  cells  in  question  contains  one  or  even 
two  central  or  excentric  larger  particles  included  in  the  network. 
In  specimens  prepared  with  chromate  of  ammonia  most  of  the 
nuclei  contain  an  uniform  network  without  any  large  particles. 
The  intracellular  network  is  very  beautifully  shown  in  tne  pecu- 

»  « Archiv  f.  Pathol.  Anatom.,'  1872. 

9  'Beriohted.  Math.  Fhys.  Klasse  d.  Konigl.  Sfichsischen  Gesellsoh.  d. 
WiBs.,'  July,  1873. 
»  Harvey,  R.  T.,  *  Centralblatt  f,  d,  Med.  Wiss./  X875,  No.  30,  p.  498, 
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liar  polyhedral  epithelial-like  cells  that  form  similar  tracts  in  the 
matnx  of  the  ovary.  Both  kinds  of  cells^  viz.  those  of  testis 
and  ovary^  are  placed  by  all  observers  in  the  same  category  on 
account  of  their  similarity  of  appearance  and  their  development. 
I  notice^  however,  that  in  these  epithelial-like  cells  in  sections  of 
hardened  ovary  of  kitten,  cat  and  guinea  pig,  in  which  animals 
they  occur  in  considerable  quantities,  the  intracellular  network  is 
considerably  denser  than  in  the  cells  of  the  testis.  These  cells, 
— both  of  the  testis  and  ovary  of  young  and  adult  animals — are 
in  respect  of  their  morphological  characters^  in  no  way  different 
from  epithelial  cells,  and  as  regards  their  development  it  has  been 
satisfactorily  shown  that,  with  reference  to  the  ovary,  they  are 
remnants  of  the  epithelium  of  the  WolfiSan  body  (His,  Waldeyer, 
Bomiti,  and  others).  Balfour,  who  describes  this  same  tissue 
very  minutely  in  the  developing  ovary  of  rabbit,  dog,  cat  and 
sheep,*  as  ''tubuliferous  tissue,''  also  connects  it  with  the  WolflSan 
body.  The  same  holds  good  also  for  the  interstitial  cells  of 
the  testis  of  the  aduU,  viz.  they  are  remnants  of  iAe  epithe* 
Hum  of  the  Wolffian  body  that  has  not  been  used  for  the  develop- 
ment of  the  epithelium  of  the  seminal  tubes.  Hence,  we  may 
justly  call  them  interstitial  epithelial  cells  of  the  testis  and  ovary. 

9.   The  Epithelial  Cells  of  Sebaceous  and  Sweat  Glands. 

{a)  The  intracellular  network  of  the  cells  forming  the 
epithelium  of  sebaceous  glands  —I  only  refer  to  the  flask-shaped 
or  tubular  secreting  parts,  not  to  the  ducts — ^is  in  many  re- 
spects analogous  to  that  mentioned  in  the  liver  cells.  If  we 
examine  the  peripheral  parts  of  a  sebaceous  gland  in  sections  of 
skin  (of  man,  but  especially  of  sheep),  hardened  either  in  chromic 
acid,  or  our  mixture  of  chromic  acid  and  spirit,  and  stained  with 
logwood,  or  carmine  or  picro-carmine,  we  notice  that  the  sub- 
stance of  the  small  polyhedral  cells  lining  the  membrana 
propria  is  not '  granular,'  but  consists  of  a  very  dense  and  uniform 
network,  and  there  is,  therefore,  hardly  anv  interfibrillar  sub- 
stance perceptible.  The  cells  next  these  peripheral  ones  are  larger, 
and  the  network  is  more  distinct  and  open,  and  the  nearer  to 
the  centre  of  the  tube  the  larger  are  the  cells,  and  the  more  open 
is  the  network  (see  fig.  16) .  The  interfibrillar  substance  whicn  is 
here  the  fatty  matter  constituting  the  sebum,  increases  therefore 
as  the  cells  approach  the  centre,  and  thus  the  network  becomes 
more  open.^    This  network  is  visible  only  after  the  removal  of 

1  Neither  Kolliker  (<  Gewebelehre/  1867,  p.  624),  nor  Henle  (Splanch- 
dologie,*  p.  358),  gives  a  correct  description  of  these  cells. 

«  L.  c,  p.  422. 

'  The  reticular  nature  of  the  substance  of  these  cells  has  been  demonstrated 
to  me  by  my  friend  Mr.  McCarthy  several  years  ago. 
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the  fatty  interfibrillar  substance,  on  accoont  of  the  high  refrac- 
tive index  of  this  latter.  (In  preparations  mounted  in  dammar 
vamisli  or  Canada  balsam  solution^  this  is  effected  by  passing  the 
sections  first  through  alcohol  and  then  through  oil  oi  cloves.) 

All  these  cells  possess  a  nucleus  containing  a  uniform  network. 

Towards  the  duct  the  nucleus  of  the  cells  becomes  indistinct 
and  the  intracellular  network  is  reduced  to  a  few  membranous 
streaks^  between  which  the  fatty  matter  is  enclosed.  Thus  the 
epithelial  cells  lining  the  alveoli  of  sebaceous  glands  are  in  all 
respects  analogous  to  the  other  secreting  cells^  especially  mucus- 
secreting  cells;  in  mucus-secreting  cells  we  had  mucin  as 
the  result  of  the  change  of  the  interfibrillar  substance; 
in  the  epithelial  cells  of  sebaceous  glands  we  find  it  to 
be  a  fatty  substance.  In  many  secreting  glands  we  found  a 
contrast  between  the  cells  in  the  state  of  secr^ion  and  such  as  are 
not  secreting^  the  former  showing  the  intracellular  network  open, 
owing  to  the  greater  amount  of  interfibrillar  substance  under- 
going the  metabolic  change,  the  latter  possessing  a  more 
"  granular  *'  aspect,  f .  e.  the  network  being  much  closer.  And 
the  same  relation  we  find  to  obtain  also  in  the  sebaceous  glands; 
for  the  peripheral  cells  with  a  dense  intracellular  network 
(^'  granular  ^'  protoplasm)  bear  to  the  more  centrally  situated 
cells — those  containing  an  open  network  and  a  fatty  interfibrillar 
substance — evidently  the  relation  of  a  non-secreting  to  secreting 
cells  of  other  glands. 

The  epithelial  cells  lining  the  alveoli  of  the  Meibomian  glands 
of  the  eye-lids  are  in  every  respect  analogous  to  those  of  the 
ordinary  sebaceous  glands ;  it  is,  therefore  unnecessary  for  me  to 
enter  into  details,  as  I  should  have  only  to  repeat  what  I 
stated  just  now  with  regard  to  the  latter  glands. 

In  the  embryo  at  an  early  stage  the  alveoli  of  both  ordinary 
sebaceous  and  Meibomian  glands  contain  only  "  granular  '^  cells, 
f.  e,  cells  in  which  no  fatty  matter  is  yet  contsoned  in  the  intracel- 
lular network,  hence  the  great  closeness  of  this  latter. 

The  question  might  be  asked,  whether  in  the  process  of 
secretion  the  substance  secreted  is  directly  derived  from  the  intra- 
cellular network  or  only  indirecthr  so,  i.  e.  from  the  interstitial 
substance  contained  in  its  meshes  r 

Prom  what  I  have  repeatedly  stated  on  the  occasion  of  the 
submaxillary,  the  mucous  and  sebaceous  glands,  the  reader  will, 
I  think,  have  come  to  the  conclusion  that  it  is  the  interfibrillar 
substance  which  becomes  increased  in  amount  and  converted  into 
the  matter  that  is  to  be  secreted,  and  not  the  intracellular  net- 
work itself.  This  latter  is  not  used  up,  therefore,  during  secretion, 
in  the  sense  in  which,  for  instance,  Heidenhain  and  Lavdowsky 
assumed  it  to  be,  but  only  alters  its  arrangement  in  such  a 
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manner  that  its  meshes  become  wider.  It  is^  however^  quite 
probable  that  the  interstitial  substance  is  a  product  of  the 
intracellular  network. 

(b)  The  epithelial  cells  lining  the  sweat-gland  tubes — I  refer 
to  the  coiled  part^  not  the  duct-rris  in  sections  of  skin^  hardened 
in  a  mixture  of  chromic  acid  and  spirit^  or  also  spirit  alone^  the 
former  bein^  however  preferable,  composed  of  a  substance 
which  is  distinctlv  longitudinally  striated.  This  striation,  when 
examined  with  a  high  power,  is  seen  to  be  due  to  the  intracellu- 
lar network  consisting  prevalentlv  of  longitudinal  iibrils.  This 
appearance  is,  however,  presented  chiefly  by  the  inner  portion  of 
the  cell  substance ;  the  other  part,  containing  the  nucleus,  is 
of  a  more  uniformly  '^  granular''  aspect,  i.e.  the  network  possess- 
ing a  uniform  dense  arrangement.  The  nucleus  is  spherical, 
and  contains  a  uniform  network ;  in  some  instances  I  see  traces 
of  a  ^'nucleolus  "  (see  fig.  11  of  PI.  VII). 

Skin  of  sheep  and  pig  is  on  account  of  the  large  size  of  the  sweat  glands 
a  very  good  object. 

The  same  change  of  shape  of  the  cells  that  I  have  mentioned 
on  the  occasion  of  Lieberkiihn's  crypts,  dependent  on  the 
change  of  lumen  of  the  gland  tube,  may  be  noticed  also  here. 
Thus  I  measure  in  sweat-gland  tubes  of  skin  of  ear-lobe  of  pig 
as  the  mean : 

0*05  mm.  the  diameter  of  the  whole  tube,  including  its  mem- 
brana  propria, 

0*019  mm.  the  diameter  of  lumen, 

0*01    mm.  the  height  of  the  lining  epithelium, 
and  about  0*006  mm.  the  thickness  of  muscular  coat   and  membrana 
propria  (see  fig.  11). 

In  another  instance  I  measure : 

0*076  mm.  the  diameter  of  the  whole  tube, 

0*03  mm.  the  diameter  of  lumen, 

about  0'005  mm.  the  height  of  the  lining  epithelium, 
and  about  0*002  mm.  the  thickness  of  both  muscular  coat  and  membrana 
propria  together. 

We  find,  therefore,  in  the  latter  instance  in  a  tube  with  a 
greatly  distended  lumen  (0*03  mm.  as  against  0.019  mm.  of  the 
former  case)  an  epithelium  correspondingly  shortened  (0*005  m, 
as  against  0*01  mm.  of  the  former  case). 

November,  1878. 
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Thb  foregoing  paper  was  in  print  when  Professor  Flem- 
ming's  last  memoir — '^  Contributions  to  the  Knowledge  of 
Cells,  &c.'' — appeared  in  the  *Archiv  f.  Mikrosk.  Anat./ 
Band  xvi^  p.  802.  This  memoir^  which  is  of  considerable 
lengthy  records  many  important  observations  regarding  the 
structure  of  cells  and  nuclei  and  the  phenomena  of  cell- 
division. 

Flemming's  views  on  the  structure  of  cells  and  nuclei,  and 
the  relation  of  the  two,  do  not  in  some  respects  coincide 
with  those  expressed  by  me  in  Part  I  of  this  paper  (see  this 
Journal,  Vol.  XVIII,  p.  315),  and  also  in  the  present  Part  II. 
It  is  not  possible  for  me  to  enter  here  into  a  detailed 
discussion  of  those  differences,  for  the  reason  that  this  im- 
portant subject  could  not  receive  full  justice  in  a  short  para- 
graph, and  chiefly  because,  in  the  third  and  concluding  part 
of  this  paper,  I  shall  have  opportunity  to  return  to  the  sub- 
ject. But  I  will  at  once  here  state  my  dissent  from  Flemming 
in  two  important  points : 

a.  Professor  Flemming,  on  p.  335,  says  that  the  network 
that  I  described  (in  Part  I  of  my  paper)  of  the  nuclei  of 
stomach  and  mesentery  of  newt,  after  treatment  with  5  per 
cent,  chromate  of  ammonia,  does  not  quite  correspond  to  the 
network  seen  by  him  in  the  nuclei  of  Salamandra  in  the 
fresh  state,  and  is  therefore,  in  its  totality,  not  to  be  regarded 
as  a  preformed  structure. 

On  the  same  page  (335)  he  also  says  that  the  nuclei  delineated  in  many 
of  my  figures  (see  rlate  XVI  of  this  Journal,  July,  1878),  are  knobbed 
and  distorted,  and  this  he  regards  as  additional  proof  for  his  above  state- 
ment. I  see  from  this  that  Professor  Flemming  has  looked  at  my  figures 
and  read  my  text  with  only  passing  attention,  for  in  that  Plate  (XVl)  I 
have  delineated,  and  in  the  text  I  have  described,  the  nuclei  as  oval  sharply 
outUned  structures,  with  a  smooth  surface.  Of  a  knobbed  or  distorted 
state  I  have  figured  or  said  nothing.  In  a  very  few  instances  the  nucleus 
is  slightly  knobbed,  e.^.  in  the  dividing  nucleus  of  unstriped  muscle  fibres 
of  the  mesentery  of  newt  (1.  c,  p.  832).  •  I  also  find  that  Professor  Flem- 
ming describes  (on  pages  307  ana  319  of  his  memoir^  a  similar  condition  of 
nuclei  of  developing  Salamandra  in  the  perfectly  fresh  and  living  state. 

b.  As  far  as  I  am  able  to  understand  Professor  Flemming's 
observations  and  arguments  on  the  structure  of  the  nucleus 
during  life  and  after  reagents,  it  comes  to  this,  that  during 
life  some  nuclei  show  nothing  of  a  network  or  of  anything 
else,  being  in  some  instances  not  visible  at  all ;  others  show 
a  network  more  or  less  imperfectly,  with  dots  and  large  par- 
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tides — nucleoli.  Different  reagents  demonstrate  in  the 
nucleus  a  network  and  nucleoli  with  varying  distinctness^ 
and  it  is  a  question  whether  what  these  reagents  reveal  are 
partly  or  wholly  artificial  products.  Flemming  suspects  the 
chromates  especially  as  liable  to  produce  artificial  products ; 
dilute  chromic  acid  and  picric  acid^  on  the  other  hand^  he 
has  great  faith  in^  although  reading  his  observations  with 
bichromate  of  potash  on  fresh  blood-corpuscles  of  Salamandra 
(p.  836),  the  reader,  I  think,  will  come  to  a  conclusion,  viz. 
that  bichromate  of  potash  is  a  very  good  reagent  to  demon- 
strate the  intranuclear  network,  which  conclusion  is  opposite 
to  that  arrived  at  by  Flemming  himself. 

That  many  things,  although  not  visible  in  the  perfectly 
fresh  state,  but  only  after  treatment  with  reagents,  are 
nevertheless  preformed  structures,  is  a  proposition  which  it 
is  unnecessary  to  prove  in  the  present  state  of  histological 
science;  the  whole  progress  of  modern  histology  contains 
that  proof. 

A  thing  is  not  visible  at  all,  or  only  indistinctly  so,  in  the 
living  and  fresh  state  if  its  refractive  index  does  not  differ 
from  the  parts  surrounding  it ;  after  adding  hardening  re- 
agents many  structures  are  brought  out  with  greater  or 
less  distinctness.  But  there  are  certain  minute  structures 
which  have  been  and  can  be  demonstrated  only  with  certain 
particular  reagents.  I  remind  the  reader  of  the  results  ob- 
tained by  Max  Schultze  with  perosmic  acid,  by  v.  Beckling- 
hausen  with  nitrate  of  silver,  by  Cohnheim  with  chloride  of 
gold,  &c.,  then  of  the  different  dyes  which  are  used  in  his- 
tology on  account  of  their  selective  power. 

The  cornea,  carefully  cut  out  and  quickly  placed  under 
the  microscope,  shows  absolutely  no  structure ;  oi  the  different 
layers  of  epithelium  on  the  anterior  surface,  of  their  nuclei,  of 
the  corneal  corpuscles  and  the  lacunee  in  which  they  are 
placed,  of  the  innumerable  fine  nerves  underneath  the  epi- 
thelium, we  see  nothing,  or  next  to  nothing.  After  the 
lapse  of  some  time  the  cornea  shows  the  outlines  of  some  of 
the  epithelial  cells,  and  in  some  of  these  we  perceive  faintly 
the  outlines  of  the  nuclei.  If  we  add  a  hardening  reagent, 
such  as  a  chromate,  chromic  acid,  or  any  other  acid,  alcohol, 
&c.,  we  at  once  see  all  the  epithelial  cells  and  their  nuclei 
very  well  defined;  the  lacunae  in  which  the  corneal  cor- 
puscles lie,  and  these  latter,  as  well  as  the  fine  nerves,  are 
seen  very  imperfectly  and  only  in  a  few  places.  But  when 
treating  the  cornea,  after  Kecklinghausen,  with  nitrate  of 
silver,  we  demonstrate  the  lacunse  and  their  canals,  and 
when  using  Cohnheim's  chloride  of  gold  we  trace  with  ease 
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the  branched  cells  and  the  nerve  fibres  in  their  finest 
ramifications. 

These  examples  can  be  multiplied  from  every  book  or 
journal  of  the  present  day  containing  papers  on  animal 
histology. 

What  I  wish  to  point  out  is  that  a  structure  that  is  very 
indistinctly  or  perhaps  not  at  all  discernible  in  the  perfectly 
fresh  state^  but  becomes  very  sharp  and  weU  marked  after  a 
particular  reagent,  need  not  necessarily  be  an  artificial  pro- 
duct ;  if  this  same  structure  can  be  shown  also  with  other 
reagents^  although  not  so  well  defined^  we  are  quite  justified^ 
I  thinks  in  regarding  it  as  preformed^  and  not  as  an  artificial 
product. 

Now,  as  regards  the  intranuclear  network.  What  I  described 
in  Part  I  of  my  paper,  chiefly  with  the  aid  of  chromate  of 
ammonia,  coincides  with  what  is  possible  to  make  out  in  the 
fresh  state,  and  after  other  reagents  (see  my  Part  I,  p.  3^1), 
e.  g.  Miiller's  fluid,  bichromate  of  potash,  osmic  acid,  spirit, 
&c.,  with  this  difference,  that  in  the  specimens  prepared 
successfully  with  chromate  of  ammonia,  there  are  here  some- 
times failures  on  account  of  the  elements  swelling  up  and 
becoming  quite  transparent,  but  the  appearances  are  infinitely 
more  regular  and  much  better  defined  than  with  other 
reagents. 

The  exquisitely  beautiful  honey- combed  network  in  the 
nuclei  of  the  endothelial  and  connective-tissue  cells  in  the 
mesentery  of  newt,  prepared  successfully  with  5  per  cent, 
chromate  of  ammonia,  the  rich  branching,  the  minute 
structure  of  these  cells,  and  of  the  unstriped  muscle  fibres,  are 
brought  out  with  a  clearness  and  delicacy  not  reached  by 
any  other  reagent  with  which  I  have  treated  that  membrane. 

The  observations  which  I  have  recorded  in  the  present 
Part  II  prove  the  correctness  of  the  deductions  stated  in 
Part  I  as  regards  the  structure  of  cells  and  nuclei.  In  study- 
ing the  epithelial  and  gland-cells  of  mammals,besides  examin- 
ing them  in  the  fresh  state,  I  have  had  occasion  to  compare 
the  appearances  obtained  by  the  use  of  difierent  reagents,  as 
stated  in  the  foregoing  pages — and  because  the  appearances 
were  found  similar  or  identical  they  were  accepted  as  denot- 
ing a  preformed  structure.  If  one  appearance  is  brought  out 
with  greater  distinctness  with  chromic  acid  than  with  another 
reagent,  I  do  as  Professor  Flemming  does,  viz.  I  give  it  the 
preference  in  the  examination,  but  I  should  not  reject  spirit, 
chromate  of  ammonia,  bichromate  of  potash,  &c.,  if  in  any 
other  instances  the  appearances  are  better  defined  by  one  of 
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these  reagents  than  they  are  in  the  fresh  state  or  by  chromic 
acid. 

Flemming^  in  the  above  paper,  expresses  dissent  firom  the 
view  of  a  connection  between  the  intracellular  and  intranu- 
clear networks;  the  same  opposition  is  expressed  by  W. 
Schleicher  in  a  paper  on  the  division  of  cartilage-cells  ('Archiv 
Mikrosk.  Anatomic/  p.  261),  both  he  and  Schleicher  declaring 
the  nucleus  to  be  something  quite  separate  and  independent 
of  the  cell-substance.  From  my  own  experience  as  described  in 
the  foregoing  pages,  I  must  most  decidedly  oppose  this  sepa- 
.  ration  of  nucleus  and  cell-substance,  and  I  would  particu- 
larly draw  attention  to  the  remarkable  observations  of 
Strieker  ('  Sitzungsb.  d.  k.  Akad.  d.  Wiss.,'  June,  1877)  on 
colourless  blood-corpuscles  of  frog  and  newt.  Strieker  ascer- 
tained the  contractility  of  the  intranuclear  network  and  the 
continuity  of  this  with  the  cell-substance,  as  well  as  the  im- 
portant fact  that  the  membrane  of  the  nucleus  disappearing^ 
its  network  becomes  fused  with  the  cell-substance,  and 
vice  versa,  the  membrane  appearing  a  part  of  the  cell-sub- 
stance becoming  enclosed  in  it  as  nucleus.  The  nucleus  is 
therefore  a  portion  of  the  cell-substance  specially  differen- 
tiated  by  the  presence  of  a  membrane, 

I  have  repeated  the  observations  of  Strieker  on  the  large 
pale,  and  also  on  the  small  uninuclear  corpuscles  of  newt's 
blood  on  the  warm  sta^e,  and  I  can  fully  confirm  his  state- 
ment that  the  internuclear  network,  especially  of  the  latter, 
is  contractile,  and  that  the  substance  of  the  nuclei  of  the 
former  becomes  fused  with  the  cell-substance,  this  membrane 
disappearing  on  one  side  or  the  other.  The  cell-substance 
is  a  minute  network  of  varying  distinctness. 
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On  the  Apical  and  Oral  Ststbms  of  the  Echinodbrhata. 
By  P.  Herbert  CarpbntbRj  M.A.,  Assistant  Master  at 
Eton  College.    Part  II. 

Ik  a  previous  paper^  I  have  discussed  at  some  length  the 
modifications  of  the  Apical  System  of  the  Echinoderms  in 
the  various  members  of  the  group.  I  now  propose  to  treat 
the  Oral  System  in  the  same  manner^  commencing^  as  before^ 
with  the  CrinoidSy  in  which  order  it  reaches  a  very  high 
degree  of  development. 

After  the  disappearance  of  the  ciliated  bands  encircling 
the  echinopeedium  of  Camattda,  its  anterior  extremity  be- 
comes flattened  and  depressed  in  the  centre.  The  raised 
external  rim  of  this  depression  exhibits  a  division  into  five 
crescentic  lobeSj  the  oral  lobes^  which  are  situated  interred 
diaUy.  Opposite  to  the  intervals  between  them  are  five 
azygos  tentacles  marking  the  positions  of  the  future  radial 
water-vessels^  while  interradiallvy  opposite  to  each  of  the  oral 
lobes^  is  a  pair  of  short  tubular  tentacles^  borne  like  the 
azygos  one  upon  the  water-vascular  ring. 

The  oral  lobes  are  supported  by  the  oral  plates^  which  in 
the  earliest  condition  of  the  skeleton  are  situated  directly 
above^  but  in  close  juxtaposition  to  the  basals.  But  as  the 
body  increases  in  size^  its  equatorial  portion,  i.e.  the  band 
between  the  upper  edges  of  the  basals  and  the  lower  edges 
of  the  orals  rapidly  enlarges.  During  this  enlargement  the 
oral  plates  maintain  their  original  position,  so  that  they  be- 
come completely  separated  from  the  basals  by  the  growing 
equatorial  band,  in  the  dorsal  portion  of  which  the  radial 

{>lates  appear  resting  upon  the  basals.  The  orals  are  finally 
eft  as  a  circle  of  five  separate  plates,  each  enclosed  in  its 
lobe  of  perisome,  on  the  centre  of  the  new  ventral  or  upper 
surface  of  the  larva,  surrounding  the  mouth  and  enclosing 
the  circlet  of  ten  interradial  tentacles.  This  ventral  surface 
gradually  widens  as  the  radials  enlarge  and  extend  outwards, 
carrying  the  perisome  with  them,  to  form  the  bases  of  the 
arms.  The  '^  anal''  plate  appears  in  one  of  the  interradial 
spaces  of  the  new  formed  disc,  between  the  upper  portions  of 
two  of  the  first  radial  plates.  The  position  of  the  anus  indi- 
cates that  of  the  blastopore,  which  was  primitively  nearly  in 
the  centre  of  the  ventral  surface  of  the  Gastrula,  and  also 
a  point  in  the  plane  of  division  between  the  right  and  left 
larval  antjmera;  for  this  plane  is  occupied  by  a  circular 
'  This  Joiimal,  Vol.  XVIII,  pp.  351-383. 
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mesentery^  which  is  formed  by  the  fusion  of  the  walls  of  the 
two  peritoneal  cceca,  and  supports  the  rectum.^  Very  early, 
however,  there  is  a  general  forward  movement  of  all  the 
ventrally  placed  structures,  namely,  the  depression  marking 
the  position  of  the  future  mouth,  the  water-vascular  sac,  the 
oral  coelom,  and  the  blastopore.  These  all  take  up  a  new 
position  at  the  anterior  end  of  the  Crinoidal  axis  (transverse 
axis  of  the  Gastrula),  and  it  is  here  that  the  ventral  or 
actinal  surface  of  the  ^ture  Gomatula  begins  to  appear,  in  a 
plane  very  considerably  inclined  to  that  of  the  ventral  sur- 
face of  the  Gastrula. 

This  rudimentary  actinal  surface  primitively  consists  of 
nothing  but  the  area  occupied  by  the  oral  plates,  together 
with  the  bases  of  the  arms.  But  as  the  digestive  tube 
increases  in  length  and  acquires  an  anal  orifice,  the  radials 
spread  out  very  much,  so  as  to  extend  the  base  of  the  cup ; 
while  the  single  anal  plate,  originally  interposed  between 
two  of  them,  begins  to  be  lifted  out,  as  it  were,  from  this 
position,  as  it  is  attached  more  to  the  growing  visceral  mass 
than  to  the  neighbouring  plates. 

At  the  same  time  the  diameter  of  the  oral  circlet,  still 
embracing  the  ring  of  oral  tentacles,  continually  decreases 
in  proportion  to  that  of  the  disc  or  visceral  mass,  as  the 
size  of  the  latter  is  increased  by  the  development  of  the 
alimentary  canal. 

Finally,  the  oral  circlet  detaches  itself  from  the  summit 
of  the  radials  on  which  it  previously  rested,  and  is  relatively 
carried  inwards  by  the  great  enlargement  of  the  circle  formed 
by  them.  The  space  between  the  two  series  is  now  filled  in 
only  by  the  membranous  perisome  of  the  above-mentioned 
equatorial  zone,  over  which  the  ambulacral  grooves  extend 
themselves,  passing  outwards  from  the  circum-oral  region 
between  the  oral  valves  towards  the  growing  arms. 

The  diameter  of  the  visceral  mass  continually  increases, 
so  that  it  extends  nearly  as  far  as  the  bifurcation  of  the 
arms,  and  the  oral  circlet  is  thus  separated  by  a  much  wider 
interval  from  the  periphery  of  the  disc.  It  is  in  this  outer 
ring  that  the  anal  funnel  is  situated,  the  anal  plate  which 
it  bears  on  its  outer  side  being  altogether  lifted  out  from 
between  the  two  radials  which  it  originally  separated.  ^  In 
some  PalcBocrinoidea,  however,  it  retains  its  primitive 
position  within  the  radial  circlet. 

I  have  already  mentioned^  that  in  most  recent  Crinoids 
the  orals  of  the  larva  are  completely  resorbed,  so    that  no 

^  Gotte,  loo.  cit.,  pp.  591,  601,  609. 
»  Part  I,  p.  366. 
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trace  of  them  is  yisible  in  the  adult^  and  the  single  anal 
plate  undergoes  the  same  fate.  The  orals  persist^  however^ 
m  Rhizocrinus  and  Hyocrinus.  Wyville  Thomson^  describes 
them  in  the  latter  genus  (fig.  xii)  as  five  triangular  valves 
(or),  which  close  over  the  central  mouth  so  as  to  form  a  very 


K 


Fig.  xii.— Diagram  of  the  disc  of  Eyoerinus  (adapted  from  a  figure  of 
Sir  Wyville  Thomson's).  An.  Anal  tube.  an,  Anambulacral 
plates.  sup,  Superambulacral  or  marginal  plates  =  Saumplattchen. 
or.  Oral  plates.       R.  Badials. 

perfect  five-sided  pyramid.  The  peripheral  part  of  the  disc 
is  paved  with  closely-set  plates  (an),  the  outer  ones  of  which 
are  in  contact  with  the  broad  thin  radials  (JR).  The  width 
of  this  plated  marginal  zone  surrounding  the  oral  valves  is 
extremely  slight,  being  only  about  one  quarter  of  the  total 
diameter  of  the  disc.  The  anal  opening  is  near  the  edge 
of  this  zone,  at  the  end  of  a  short,  plated,  interradial  tube 
{An).  The  plates  on  the  ventral  surface  of  the  disc,  to 
which  MuUer'  gave  the  name  of  anambulacral,  are  very 
completely  developed  in  many  Pentacrini,  as  in  Ht/ocrinus. 
Many  of  them  are  perforated  by  the  water-pores  which  place 
the  body-cavity  in  communication  with  the  exterior. 

In  BhizocrinuSy  and  in  the  Comattda,  these  anambulacral 
plates  are  less  constant  in  their  appearance  than  in  HyocrintM 
and  Pentacrintis.  But  in  one  or  two  tropical  Comatuke 
they  are  very  marked,  and  pass  over  at  the  margin  of  the 
disc  into  a  complete  interbrachial  plating,  which  covers  the 
surface  of  the  perisome  between  the  five  rays,  beyond  the 
level  of  the  second  radials. 

All  this  anambulacral  system  forming  the  peripheral  part 

*  *  Joum.Linn.  Soc.,'  xiii,  "Zoology,"  p,  53. 
2  <Bauder£chinodermen/  p.  63. 
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of  the  "^  tegmen  caljrcis  "  is  developed  out  of  the  narrow 
equatorial  zone  of  perisome  intervening  between  the  oral 
and  basal  circlets  of  the  young  Pentacrinoid.  It  does  not 
seem  to  be  present  in  the  Palaocrinoidea,  the  solid  vault 
of  which,  as  pointed  out  by  Wachsmuth,^  is  in  no  way  homo- 
logous with  the  ventral  perisome  of  the  recent  Crinoids. 
AUman^  has  already  pointed  out  that  in  many  members  of 
this  group  there  is  a  system  of  plates  in  the  centre  of  the 
vault,  wluch  is  nothing  but  a  more  or  less  extensive  de- 
velopment of  the  simple  oral  system  of  the  young  Comatula. 
Wachsmuth,*  who  has  studied  the  complicated  arrange 
ment  of  these  plates  with  much  care,  has  somewhat  un 
fortunately  termed  them  "  apical,'*  a  name  already  applied 
by  previous  writers  to  the  plates  which  form  the  calyx  at  the 
opposite  pole  of  the  body.  In  the  simplest  condition  of  these 
so-called  apical  plates,  as  shown  in  genera  which  have  but 
a  few  vault  pieces,  there  is  a  large  central  plate  sur- 
rounded by  six  others,  viz.  four  large  interradial  ones  of  equal 
size,  and  two  smaller  ones,  also  interradial,  which  are  sepa- 
rated by  the  anus,  and  together  correspond  to  a  single 
larger  one.  Wachsmuth  has  found  these  '^  apical ''  plates 
in  the  families  Actinocrinida^  Platycrinida,  Mhodocrintda, 
Melocrinida,  and  in  a  few  isolated  genera,  including  Cyatho' 
crtntss  and  Synbaihocrinus,  in  which  last  they  are  repre- 
sented by  a  number  of  small  plates ;  and  he  stales  that 
they  "cover  the  central  opening  of  the  Blastoids,  and  can 
be  traced  in  many  of  the  Cystideans.''*  They  occupy  a 
central  position  in  the  vault,  where  there  is  much  reason 
to  believe  in  the  presence  of  a  subtegminal  mouth ;  and  they 
are  very  largely  developed  in  young  specimens,  from  which, 
as  well  as  from  other  considerations,  Wachsmuth  infers 
"  that  they  were  the  first  solid  parts  developed  on  the  ventral 
side  in  young  Crinoids.^' 

Although  the  central  plate  was  unknown  to  AUman, 
there  can,  I  think,  be  little  doubt  that  the  six  (practically 
five)  peripheral  plates  are  comparable  to  the  orals  of  the 
young  Comatula  in  the  manner  suggested  by  him.  These 
plates  surround  and  support  the  walls  of  the  tentacular 
vestibule,  into  which  thelarval  mouth  opens  (fig.xiii  Ip^),  but 
it  does  not  acquire  a  communication  with  the  exterior  until 
a  comparatively  late  stage  of  development*    Gotte's  sugges- 

^  "  Notes  on  the  Internal  and  External  Structure  of  FalsBOzoio  Crinoids,*' 
•  American  Journal  of  Science  and  Arts,'  vol.  xiv,  1877,  pp.  123, 190. 

*  Loc.  cit.,  pp.  245-251. 
'  Loc.  cit.,  p.  187. 

*  Loc.  cit.,  p.  189. 
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tion  ^  that  many  Palmocrinida  and  Cystidea  have  remained 
permanently  in  this  condition  appears  to  me  to  be  an  ex- 
ceedingly happy  one,  as  far  as  the  former  group  is  concerned, 


Fio.  XIII. — Seotion  through  a  Pentacrinoid'  with  a  closed  tentacular  ves- 
-tibule,  the  mouth  not  haying  yet  broken  through  to  the  exterior. 
(After  Gotte.)*  ae,  Ambulacral  epithelium.  al.  Alimentary 
canal.  an.  Rudiment  of  anus,  marking  the  position  of  the  blasto- 
pore. Iji,  Posterior  division  of  the  left  peritoneal  sac,  from  which 
the  subtentacular  canals  are  derived.  lp\  Its  anterior  division, 
formin^j  the  tentacular  vestibule.  m.  mouth.  tnt.  Mesentery, 
separating  the  cavities  of  the  right  and  left  peritoneal  sacs.  r. 
Roof  of  the  tentacular  vestibule  =  vault  of  Palaocrinoidea,  rp. 
Riffht  peritoneal  sac,  giving  rise  to  the  greater  part  of  the  body  cavity. 
rp.  Its  posterior  extension  into  the  developing  stem.  t.  Tentacles. 
wr,  Watervaicular  ring. 

though  I  do  not  think  it  applicable  to  the  Cystids  with 
grooves  on  the  'Wault."  It  gives  us  a  complete  explanation 
of  their  subtegminal  mouth,  the  presence  of  which  has  been 
so  successfully  demonstrated  by  Wachsmuth,^  in  accordance 
with  Schultze's  suggestion.*  Thus,  in  many  Palaeozoic 
genera  the  mouth  is  permanently  subtegminal,  while  in  the 
more  modern  forms  it  is  only  temporarily  so  during  the 

1  Loc.  cit.,  p.  637. 

'  See  Plate  xxvi,  fig.  19,  of  Gotte's  paper. 

'  Loc.  cit.,  pp.  116, 120. 

♦  Loc.  cit.,  p.  7  (119). 
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Pentacrinoid  stage  of  development^  and  ultimately  opens 
directly  to  the  exterior.  Wachsmuth's  descriptions  of  some 
natural  casts  of  the  structures  below  the  vault  of  the 
ActinocrinidiB  correspond  in  a  most  striking  manner  with 
what  Gotte  has  shown  to  be  the  condition  of  the  young 
Pentacrinoid. 

He  describes  the  centre  of  radiation  for  the  concealed 
ambulacra  as  a  variously  shaped  space  or  plane^  surrounded 
by  a  furrow.  The  middle  of  this  space  is  frequently  occupied 
by  a  small  opening,  or  by  a  little  cone  indicating  an  aper- 
ture leading  to  the  inner  cavity.  This  little  central  openmg, 
situated  at  the  upper  end  of  the  vertical  axis  below  the 
vault,  occupies,  as  Wachsmuth  points  out,  the  same  position 
as  the  mouth  of  Antedon  occupies  in  the  peristome  (ng.  xiii, 
m).  Now,  this  lip  or  peristome  is  nothing  more  than  the 
floor  of  the  tentacular  vestibule,  which  is  closed  till  late  in 
the  Pentacrinoid  stage  (fig.  xiii,  r),  but  ultimately  opens  to 
the  exterior ;  while  the  corresponding  space  in  Actinocrinus 
remains  permanently  closed  and  covered  in  by  the  system  of 
actinal  plates,  namely,  the  single  central  one  with  the  six 
(=5)  orals  around  it. 

Gotte^s  suggestion  also  helps  us  to  understand  why  there 
is  no  central  actinal  plate  developed  inside  the  oral  circlet  of 
ComattUa,  For  it  would  be  situated  precisely  at  the  point 
where  the  rupture  of  the  peristome  occurs  that  places  the  tenta- 
cular vestibule,  into  which  the  true  mouth  open8,in  communi- 
cation with  the  exterior.  Were  it  developed  it  would  only  be 
in  the  way,  and  have  to  undergo  resorption  to  a  greater  or  less 
extent,  just  as  the  central  abactinal  plate  of  many  Urchins  is 
more  or  less  completely  resorbed  after  the  appearance  of  the 
anus. 

We  find,  then,  that  the  oral  system  of  the  Palaocrinaidea 
consists  of  a  central  actinal  plate,  around  which  six  (=  five) 
oral  plates  are  disposed.  The  resemblance  between  this 
arrangement  and  that  of  the  central  abactinal  plate,  with  the 
five  basals  disposed  interradially  around  it,  strikes  one  at 
once,  and  we  thus  find  a  complete  correspondence  between 
the  primitive  conditions  of  the  skeletal  elements  developed 
around  the  two  peritoneal  sacs  of  the  Crinoid  larva.  On  the 
actinal  as  well  as  on  the  abactinal  side  there  is  a  single 
central  plate  surrounded  by  five  others,  which  are  inter- 
radial  in  position.  There  is,  however,  no  known  Crinoid  in 
which  we  find  this  primitive  condition  persisting,  even  as  an 
embryonic  feature.  For  the  central  actinal  plate  is  limited 
to  the  Palaocrinoidea,  while  in  all  but  Holopus  (so  fistr  as  is 
known)  the  rudiments  of  the  stem  make  their  appearance  at 
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a  very  early  stage  of  development^  simultaneously  with  those 
of  the  other  plates  of  the  skeleton,  and  (as  I  believe)  carry 
away  the  central  abactinal  plate  from  the  neighbourhood  of 
the  basals.  A  suggestion  essentially  similar  to  the  one  just 
made  has  already  been  put  forward  by  Wachsmuth,^  who 
regards  the  central  abactinal  plate  as  the  basis,  a  view 
which,  as  I  have  already  endeavoured  to  show,  is  no  longer 
tenable.'     Wachsmuth  also  compares  the  interradial  peri- 


Abactinal  System. 

AcTiNAL  System. 

Waehimuth. 

F.H.  Carpenter. 

Central 
Plate. 

Peripheral 
Plates. 
Interradial, 

Basis. 

Parabasals 

or 
Sabradials. 

Central  Plate  at 
end  of  stem, 

Basals. 

Central  Plate. 
Orals. 

pheral  plates  (orals)  of  the  actinal  surface  to  the  so-called 
parabasals'  or  subradials  of  the  abactinal  system,  which 
**  were  undoubtedly  the  ^rst  developed  parts  of  the  dorsal 
side,  and  the  parts  which  are  the  most  highly  developed  in 
the  Cystideans.''  It  will  be  noted  how  this  passa&;e 
strengthens  the  arguments  which  I  have  already  brought 
forward  in  favour  of  the  view  that  the  so-called  subradials 
are  the  true  basals  of  those  Crinoids  in  which  they  occur. 

The  diameter  of  the  visceral  mass  of  the  Pentacrinoid  is 
so  slight  that  the  orals  are  sufficient  to  cover  it  in  com- 
pletely on  the  ventral  side.  But  in  the  Palaocrinotdea  it  is 
not  only  absolutely,  but  also  relatively,  much  larger,  so  that 
the  oral  or  *' apical"  system  alone  is  insufficient  to 
cover  it. 

Accordingly  we  find  that  the  '*  apicaP*  plates  do  not  make 
up  the  whole  of  the  vault  of  the  Palaocnnoidea,  but  *'  there 
are  other  summit  plates  following  a  radial  direction,  which 
are  either  attached  to  the  apical  pieces  or  separated  from 
them  by  a  belt  of  small  polygonal  plates,"  while  the  inter- 
mediate spaces  between  these  radial  areas  are  occupied  by 
the  interradial  plates  of  the  vault.  The  number  and  arrange- 
ment of  these  plates  vary  greatly  in  different  species,  accord- 


^  Loc.  cit.,  p. 
»  Part  I,  this 


189. 

Journal,  Vol.  XVTII,  pp.  360,  370,  371. 
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ing  to  the  number  of  primary  arms  that  spring  out  directly 
from  the  body.  As  a  general  rule,  according  to  Wachsmuth,^ 
^'  the  summit  plates  increase  in  proportion  to  the  number  of 
primary  arms  of  a  species,  in  the  same  manner  and  on  the 
same  principle  as  the  plates  of  the  dorsal  side." 

We  find  then,  that  in  the  Palaeocrinoidea  there  is  an 
almost  complete  correspondence  in  the  skeletal  developments 
on  the  actinal  and  abactinal  surfaces  of  the  body.^  The  centre 
is  occupied  in  each  case  by  a  single  plate,  surrounded  by  five 
others,  which  are  situated  interradially.  But  the  first  and 
second  radials  of  the  abactinal  pole  appear  to  be  unrepre- 
sented on  the  actinal  surface.  Peripherally,  howcTer,  there 
is  again  a  very  close  correspondence  in  the  arrangement  of 
the  plates  on  the  two  surfaces. 

The  vault  of  the  Palaocrinaidea  appears  to  be  something 
8ui  generis,  and  altogether  unrepresented  in  our  more  modern 
forms.  According  to  Wachsmuth,'  with  whom  I  entirely 
agree,  ^4t  cannot  in  the  remotest  degree  be  homologised  with 
the  ventral  peristome ''  of  the  recent  Crinoids.  ^^  It  forms  a 
continuation  of  the  radial  and  interradial  series  of  the  dorsal 
side,  and  serves  merely  as  a  covering  and  protection  for  the 
organs  underneath."  There  is  every  reason  to  believe  that 
these  were  of  essentially  the  same  character  as  in  the  recent 
Crinoids,  namely,  ambulacral  grooves  with  the  radial  water- 
vessels  underlying  them.  The  ambulacra  of  a  Comatula  or 
Pentacrintcs  are  continued  from  the  arms  on  to  the  disc, 
where  they  converge  towards  the  peristome ;  while  in  the 
Pakeocrinoidea  they  enter  the  cavity  of  the  vault  by  aper- 
tures at  the  base  of  each  arm,  and  continue  their  centripetal 
direction  as  subtegminal  channels  along  the  inner  surface  of 
the  vault.  These  channels  were  first  discovered  in  Actino- 
crimes  by  Huxley  and  Billings,*  and  are  '*  floored  by  a 
series  of  plates  which  form  an  elongated  arch  under  them." 
Alternating  with  the  upper  edges  of  these  plates  there  are 
found,  in  good  specimens,  two  rows  of  minute  quadrangular 
interlocking  plates,  longitudinally  arranged  so  as  to  cover 
the  tubes.  Hence,  under  the  vault  these  canals  must  have 
been  ^^  formed  of  two  rows  or  pieces  below  (subambulacral) 
and  two  above  {super ambulacral),  all  alternately  arranged." 
By  Wachsmuth,    as    by    Meek    and  Worthen,^    they    are 

»  Loc.  cit.,  p.  187. 

>  See  Addenda,  No.  3,  on  p.  204. 

»  Loc.  cit.,  p.  190. 

^  "  On  the  CystidesB  of  the  Lower  Silurian  Rocks  of  Canada,"  '  Geo- 
graphical Surrey  of  Canada,'  decade  iii,  p.  27. 

'  ''  Notea  on  some  points  in  the  Structure  and  Habits  of  the  Palaeozoic 
Crinoidea,"  'The  Canadian  Naturalist/  1869,  pp.  443,  444. 
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regarded  as  continuations  of  the  ambulacral  grooves  of  the 
arms. 

In  these  Actinocrinidte  the  structure  of  the  arms  is  not  yet 
known;  but  in  Oi/athocrinu8  the  brachial  ambulacra  are 
bordered  by  a  row  of  interlocking  triangular  plates,  which 
Wachsmuth^  compares  to  the  ''  marginal  plates  ''  in  recent 
Crinoids.  They  rest  on  an  outer  row  of  plates  longitudinally 
arranged  and  attached  to  the  arm-joints.  This  double  series 
of  alternating  plates  extends  beneath  the  vault  of  Oyatho- 
crinuSj  but  the  subambulacral  plates  appear  to  be  absent 
from  the  grooves  of  both  vault  and  arms.  We  thus  find  that 
the  ambulacra  of  the  Crinoids  may  be  surrounded  by  three 
sets  of  plates— (1)  An  upper  series,  present  in  both  Oyatho- 
crinus  and  Actinocrinus.  (2)  An  under  series  present  in 
Actinocrinus  only.  (8)  A  lateral  series,  present  in  Cyatho- 
crinus  only  (so  far  as  we  yet  know).  Wachsmuth  has 
already  pointed  out  the  homology  of  the  upper  series  (1)  with 
the  marginal  plates  in  recent  Crinoids  (fig.  xiv  sup) ,  but 
he  has  overlooked  the  fact  that  both  the  other  series  {2,  3) 
are  also  represented,  at  any  rate  in  the  disc  of  Pentacrinus 
captU-tnedusie.    According  to  Miiller' — 

*' An  den  Annen  und  Pinnalae  beschrauken  sich  die  kalkigen  Bildongen 
auf  der  Yentralseite  bless  aof  die  Saumplattohen  der  Ambolakralrinnen. 
Am  Eelch  dagegen  sind  die  Ambulakralrinnen  noch  aasser  den  Sanmplattchen 
doroh  kalkigen  Bildnn^n  unterstiitzt.  Diejenigen  Flattchen  welche  den 
Rand  der  Ambulakralrinnen  bilden,  haben  eine  wallartige  Erhohnng  und 
dienen  den  Ambulacra  Sowohl  far  Einfassung;  als  fur  Stiitze  der  aufger- 
ichteten  Saumplattohen;    man    kann    sie  Seitenplatten  der  Ambulacra 

nennen Unter  der   weichen   Auskleidung   der  Binne 

liegen  auch  noch  Tafelchen." 

This  last  set  of  plates  (fig.  xiv  sub)  was  termed  subambu- 
lacral by  Miiller,  and  there  can,  I  think,  be  little  doubt  that 


<^ 


Fig.  xiv.— Diagram  of  the  plates  surrounding  the  ambulacra  on  the  disc 
of  Peniacrinui.  Slightly  altered  from  J.  Midler.  ad,  Adambu- 
lacral  (3).  an.  Anambulacral.  iu6,  Subambulacral  (2).  sup. 
Superambulacral s=  marginal  plates  or  ''Sanmplattchen  (1).  wv. 
Water  vessel. 

it  represents  the  double  row  forming  the  floor  of  the  subteg- 
minal  galleries  of  Actinocrinus. 

»  Loc.  cit.,  p.  122. 

s  ''Bau  d^r  jEJcbinodermen/'  loc»  cit.,  p.  $7. 
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These  galleries  enclosed  between  the  super-  and  sub- 
ambulacral  plates  lodged^  I  believe^  not  only  the  ambulacral 
grooves  but  also  the  water  vessels.  In  the  recent  Crinoids 
and  Starfishes  these  two  are  separated  in  each  arm  by  a 
membranous  partition  containing  several  structures^  which 
need  not  be  considered  here.  Around  the  mouth  the  grooves 
expand  into  a  peristomial  area^  beneath  which  is  the  water- 
vascular  ring.  The  subtegminal  galleries  of  Actinocrinus 
open  into  what  Wachsmuth^  calls  an  '^  annular' vessel,"  com- 
posed of  minute  interlocking  plates,  and  resting  on  the 
convoluted  digestive  organ.  This  ring  has  five  small  open- 
ings leading  into  the  subtegminal  galleries,  and  alternating 
with  these  on  the  lower  side  of  the  ring  there  are  five  other 
small  openings,  which  Wachsmutb  supposes  to  have  been 
^'  in  connection  with  organs  of  the  interradial  system  (com- 
municating perhaps  with  a  circulatory  system)." 

This  "annular  vessel*'  represents,  I  believe,  both  the 
peristomial  area  of  our  recent  Crinoids  and  the  subjacent 
water-vascular  ring,  which  is  only  separated  from  it  by  mem- 
brane. It  is  easy  to  understand  the  nature  of  the  inter- 
radial openings  on  its  floor.  I  imagine  them  to  be  the 
openings  of  the  small  tubes  which,  in  the  recent  Crinoids, 
depend  from  the  water-vascular  ring  into  the  body  cavity. 
According  to  Ludwig,^  they  open  freely  into  it,  and  are  to 
be  regarded  as  afferent  vessels  serving  for  the  introduction 
of  water  into  the  ambulacral  system,  and  therefore  as  collec- 
tively representing  the  sand  canals  of  the  other  Echino- 
derms.  In  the  Ophiurids,  however,  there  is  not  only  a 
sand  canal  extending  from  the  madreporite  to  the  water 
vascular  ring,  but  depending  from  this  ring  into  the  body 
cavity  there  are  a  number  of  apparently  csecal  diverticula, 
the  vasa  ambulacralia  cam  of  Simroth.'  The  resemblance 
between  these  and  the  so-called  "  Steincanale  *'  of  the  Cri- 
noids is  very  close,  as  pointed  out  by  Huxley^  and  the  two 
sets  of  tubes  appear  to  me  to  be  truly  homologous.  Like 
Greeff,^  I  am  not  altogether  satisfied  {pace  Ludwig)  that 
they  actually  open  into  the  coelom  in  Comatula,  while 
Simroth  believes  them  to  be  blind  in-  Ophiactia.  Hence  I 
cannot  quite  agree  with  Ludwig's  view  of  their  character. 

I  Loc.  cii.»  p.  118. 

'  "  Crinoideen,"  loc.  cit.,  p.  48. 

*  '*  Anatomie  und  Schizc^nie  der  Ophiaetit  virent,  Sars.,"  Zeitsoh.  f. 
wiss.  Zool./  zzviii,  p.  456. 

*  '  The  Anatomy  of  In^ertebrated  Animals,*  p.  586. 

»  «Ueber  den  Baa  der  Crinoideen,"  'Marborg  Sitsungsberichte,' 
No.  1, 1876,  p.  22. 
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For  if  they  do  functionally  represent  the  sand  canals  of  the 
other  Echinoderms^fwhy  do  they  coexist  with  the  sand  canal 
in  the  Ophiurids  ?  Whatever  their  nature^  however,  they 
were  present  in  Actinocrinm,  but  greatly  reduced  in  number. 
In  both  Antedon  and  Actinometra  they  are  extensively  deve- 
loped ;  but  Ludwig  has  found  that  in  Mhizocrinus^  there  is 
but  one  in  each  interradius,  and  I  imagine  that  this  was  also 
the  case  in  Actinocrinus. 

From  what  has  been  said  above,  it  will  be  evident  that 
I  entirely  accept  Schultze's  hypothesis  of  a  subtegminal 
mouth  in  the  PakBocrinoidea,  which  has  been  attacked 
by  Billings,*  but  ably  defended  by  Wyville  Thomson/ 
Liitken,*  Meek  and  Worthen,'and  lastly,  by  Wachsmuth.* 
The  last  mentioned  observer  says  that  ^^  The  little  central 
aperture  located  at  the  upper  end  of  the  vertical  axis, 
occupied  on  the  casts,  and  hence  below  the  vault  of  these 
Crinoids,  exactly  the  same  position  that  the  internal  mouth 
of  Antedon,  occupies  at  the  peristome,  while  the  position  of 
the  string-like  ridges  (in  case  they  represent  passages,  as  I 
can  hardly  doubt)  is  analogous  with  that  of  the  open  food 
grooves  of  recent  Crinoids/'  I  cannot  but  believe  that 
Wachsmuth's  explanation  of  these  ridges  is  the  true  one, 
though  it  is  by  no  means  necessary  that  they  should  repre- 
sent closed  passages.  In  many  recent  Comatuks  it  is  ex- 
ceedingly common  for  the  ambulacral  grooves  of  the  disc  to 
be  considerably  raised  above  the  interambulacral  areas,  so 
as  to  present  an  appearance  of  ^'elevated  rounded  ridges 
almost  like  strings  overlying  the  surface,"  just  as  Wach- 
smuth  describes  in  his  casts. 

Billings'  objections  to  the  theory  of  a  subtegminal  mouth 
in  the  Palaocrinoidea,  appear  to  me  to  be  the  result  of  a 
confusion  of  terms,  and  of  a  want  of  acquaintance  with  the 
anatomy  of  recent  Crinoids.  In  the  first  place  he  described 
two  quite  distinct  and  separate  structures  under  the  sinele 
name  of  ^'  ambulacral  groove."  On  p.  20  of  the  Decade,  he 
used  this  term  in  the  sense  in  which  it  was  used  by  MiUler, 
namely,  to  denote  the  furrows  radiating  outwards  from  the 

*  Loc.  cit.,  p.  118. 

2  "  Notes  on  the  Structure  of  the  Crinoida,  Cystidea,  and  Blastoida," 
'Canadian  Naturalist,'  1869,  pp.  277—283,  and  1870,  pp.  191—198. 

^  "On  the  Structure  of  the  Palaeozoic  Crinoids,"  'Nature,'  vol.  iv, 
pp.  496—497. 

*  "Notes  on  Lov^n's  Articles  on  Lezkia  mirabilis  and  on  Eypouome 
Sarsii"  *  Canadian  Naturalist,'  1868,  pp.  439—441,  and  1869,  pp.  267-* 
269. 

*  Loc.  cit.,  pp.  441—446. 
«  Loc.  cit.,  pp.  116—120. 
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mouth  over  the  ventral  perisome  of  the  disc  and  arms. 
These  grooves  are  altogether  outside  and  ahove  the  radial 
trunks  of  the  water-vascular,  blood-vascular,  and  generative 
systems,  which  are  covered  in  by  the  ventral  perisome  bearing 
the  grooves.  Billings,  however,  supposed  that  '^  the  grooves 
of  the  arms  are  occupied"  by  these  tubes,  and  spoke  of 
them  as  continued  into  the  interior  of  the  vault  by  notches 
in  the  first  radial  plates.  Here  he  confounded  the  supra- 
tegminal  ambulacra  with  what  I  have  elsewhere  described 
as  the  "  ventral  radial  furrow,*'  occupying  the  middle  line  of 
the  skeleton.  All  the  soft  parts  of  the  arm  are  situated 
above,  this  skeletal  groove,  but  beneath  the  ambulacral 
groove,  which  Miiller  was  accustomed  to  call  the  **  Ten* 
takelrinne/^  in  distinction  to  the  skeletal  one  which  he 
termed  the  Jrmrtnne  *^  worin  Weichtheile  gelegen  sind."^ 
Billings,  however,  confounded  the  two,  and  because  the  vas- 
cular and  generative  tubes  which  lie  above  the  armgroove 
(being  partially  contained  in  it)  do  not  communicate  with 
the  stomach,  he  supposed  it  to  have  been  impossible  for 
food  particles  to  gain  access  to  the  interior  of  the  animal 
from  the  arms  of  a  Palseocrinoid,  which,  as  far  as  we  know, 
resembled  in  these  points  the  arms  of  a  Comatula  or  Penta- 
crinus.  Here  he  quite  overlooked  the  fact  that  the  ventral 
perisome  covering  the  arm  of  a  recent  Crinoid  bears  the  true 
ambulacral  groove,  along  which,  and  therefore  above  the 
vascular  trunks,  the  food  particles  travel  towards  the  mouth. 
The  remains  of  these  brachial  ambulacra  are  found  in  the 
Pakeocrinoidea,  and  they  undoubtedly  entered  the  vault  by 
the  ambulacral  openings  at  the  bases  of  the  arms,  which 
Billings  himself  discovered,  together  with  and  above  the 
vascular  trunks.  Billings^  supposes  that  the  ambulacra  of 
the  Crinoids  and  Asterids  contain  the  vascular,  nervous,  and 
generative  trunks,  '^  which  are  situated  on  the  outside  of 
the  animal,  and  communicate  with  the  interior  through  the 
mouth"  Consequently  he  regarded  this  aperture  as  having 
three  functions,  being  (1)  the  oral,  (2)  the  ovarian,  and  (8) 
the  ambulacral  opening,  and  he  therefore  'compared  it  with 
respect  to  the  last  two,  to  the  openings  at  the  arm  bases  of 
the  Pakeocrinoidea.  These  were  undoubtedly  both  ovarian 
and  ambulacral,  as  the  generative  organs  and  the  water- 
vessels  passed  through  them  to  reach  their  respective  cir- 
cumoral  centres.  The  ambulacra  of  the  arms  also  entered 
here  and  converged  towards  a  subtegminal  mouth.  Billings 
refused  to  admit  the  oral  nature  of  this  opening,  which  he 

'  "  Peniaerinus,**  loc.  cit.,  p.  35. 
'  Decade  ill,  loo.  cit.,  p.  19. 
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appeared  to  regard  as  a  central  ambulacral  orifice^  and  con- 
sequently supposed  that  on  Schultze's  theory^  ^*  Caryocrinus 
omatua  was  a  polystome  animal,  and  drew  in  its  food  through 
its  six  ovarian  apertures/'  To  me,  as  it  did  to  Billings/ 
this  certainly  does  appear  "  utterly  incredible." 

Wyville  Thomson,^  Agassiz,^  and  Liitken  have  laid  great 
stress  on  the  fact  that  in  all  the  recent  Echinoderms  the 
mouth  is  in  the  centre  of  the  radial  system,  and  that,  there- 
fore, the  valvular  orifice  of  the  Patdeocrinoidea,  which  is 
situated^at  the  point  in  the  vault  behind  the  radial  centre  of 
the  ambulacra,  cannot  possibly  be  the  mouth,  but  is  probably 
the  anus. 

Billings  admitted  the  universal  connection  of  the  mouth 
and  radial  centre  in  the  recent  Echinoderms,  but,  being 
firmly  convinced  that  the  valvular  orifice  was  oro-anal  in 
function,  he  asserted*  that  "  in  at  least  a  large  proportion  of 
the  palaeozoic  Crinoids  the  mouth  was  altogether  discon- 
nected from  the  radial  system,"  this  being  evident  from 
**  simple  inspection."  He  did  not,  however,  make  it  clear 
how  "  simple  inspection"  can  demonstrate  the  oral  nature  of 
the  valvular  orifice.  He  supposed  the  same  to  have  been 
the  case  in  the  Cystids,  in  which,  like  De  Koninck^  and 
Gray,*  he  regarded  the  "  ovarian  pyramid"  of,  Von  Buch  as 
oral  in  function ;  while  the  small  opening  near  the  centre  of 
the  upper  part  of  the  body,  from  which  the  ambulacra  radiate, 
was  called  by  him  an  ambulacral  orifice,^  through  which 
^'  the  vessels  of  the  aquiferous  system  and  of  the  organs  of 
reproduction  which  were  situated  in  the  grooves  of  the  arms 
communicated  with  the  interior."  Lov^n^  has  entirely  adopted 
Billings'  views,  but  Agassiz,  like  Liitken  and  Wyville  Thom- 
son, has  opposed  them  strongly,  and  reaffirms  the  views  of 
Yolborth  and  Miiller,  that  the  mouth  is  at  the  radial  centre 
of  the  ambulacra,  and  is,  in  fact,  the  minute  ambulacral 
orifice  of  Billings. 

It  appears  to  me  that  there  can  be  no  doubt  about  this  so 

»  *  Canadian  Naturalist,'  1870,  p.  197. 

*  "On  a  New  PalflBOzoic  Group  of  Echinodermata,"  'Edinburgh  New 
Philosophical  Journal,'  vol.  liii,  p.  106. 

»  "  Note  on  Lovfen's  Article  on  Letkia  mirabilit'*  '  Annals  of  the  Ly- 
ceum of  Natural  History,'  vol.  iz,  pp.  243 — 245. 

*  '  Canadian  Naturalist,'  1869,  p.  279. 
'  Loc.  cit.,  pp.  53  et,  teq, 

«  'Catalogue  of  the  Recent  Echinidae  or  Sea  Eggs  in  the  Collection  of 
the  British  Museum,'  1855,  p.  63,  t.  4,  f.  4. 

7  Decade  iii,  p.  15. 

»  "Om  Leskia  mirabilii,**  Gray,  'Ofversigt  af  Kongl.  Vetenskaps- 
akademiens  Forhandlingar,'  1367,  m.  5,  pp.  436—440. 
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far  as  Spharonites  is  concerned^  this  being  the  type  taken 
by  Lovfen  for  comparison  with  the  other  Echinoderms. 
Wy  ville  Thomson,  indeed^  regards  these  forms  as  "  Crinoids^ 
or  a  parallel  group ;"  and  1  imagine  their  ventral  surface  to 
be  in  every  respect  homologous  mth  that  of  our  modern 
Crinoids^  more  especially  of  Actinometra,  In  this  genus 
the  ambulacra  form  an  open  horseshoe-shaped  curve,  very 
much  as  in  Spharonites,  The  mouth  is  placed  in  the  middle  of 
this  curve,  but  it  is  often  extremely  small  and  inconspicuous, 
being  merely  a  short  and  narrow  slit  in  the  peristomial 
area. 

I  have  often  experienced  great  difficulty  in  finding  it  even 
in  spirit  specimens,  in  which  the  perisome  was  quite  bare ; 
while  in  dry  specimens  of  such  species  as  Act,  Solaris,  in 
which  the  anambulacral  plating  is  often  very  completely  de- 
veloped, I  should,  like  Miiller,i  have  altogether  failed  to  find 
it,  had  I  not  known  with  tolerable  certainty,  from  other 
considerations,  where  to  look  for  it.  I  imagine  the  Cystids 
with  calycine  ambulacra  to  have  resembled,  in  this  respect, 
such  recent  Crinoids  as  Hyocrinus,  in  which  there  is  an  ex- 
tensive anambulacral  plating  on  the  disc  and  minute  plates 
in  the  marginal  leaflets  at  the  sides  of  the  ambulacra.  We 
find  precisely  the  same  condition  in  the  so-called  recent 
Cystid,  Hyponome  Sarsii,  in  which  the  ambulacra  are  fringed 
and  overlapped  by  marginal  scales,  while  the  remainder  of 
the  ventral  surface  **  is  clothed  with  rather  small,  thickset, 
irregular  scales  /'  and  it  appears  to  me  that  Wy  ville  Thom- 
son^ is  right  in  regarding  Hyponome  as  a  true  Crinoid. 
According  to  Loven*  the  '*  absence  of  any  indication  of  a 
calyx"  tells  strongly  against  this  view,  but  I  believe  that 
Hyponome  is  merely  the  disc  of  a  Crinoid,  which  has  fallen 
out  of  its  calyx,  and  that  indications  of  its  attachment  to  a 
skeleton  are  seen  in  the  ^^  five  broad  dichotomous  rays  on  the 
dorsal  surface."* 

Thus  then  I  regard  the  vault  of  the  Cystids  (at  any  rate 
of  those  with  open  ambulacra),  as  quite  distinct  from  the 
vault  of  the  Palaocrinoids,  but  as  homologous  with  the 
ventral  perisome  of  our  recent  Crinoids.  This  is  frequently 
covered  with  an  extensive  anambulacral  plating,  which  is 
perforated  by  the  small  water-pores.  In  rentacrintM  most 
of  the  anambulacral  plates  are  perforated  in  this  way,  the 

1  «  Ueber  die  QattuDg  Comaiula,  Lam.  und  ihre  Arten/*  '  Abhandl.  der 
Berlin  Akad./ 1847,  p.  246. 

»  '  Nature/  loc.  cit.,  p.  497.  ,.      ^^        ,.    , 

»  •'  On  EvpoHome  Sarsii,  a  recent  Gystidean,"  *  Canadian  Naturalist/ 
1869,  p.  266. 

*  See  Addenda,  No.  4,  on  p.  205. 

VOL.  XIX.-^NIW  SIR.  N 


Digiti 


zed  by  Google 


190  P.  flSRBERT  CARPENTER. 

water-pores  being  very  numerous,  and  in  Caryocrinus^  the 
pores  are  also  numerous,  but  *'  nehmen  den  antiarabulaeralen 
Theil  des  Kelches  hinter  den  Armen  bis  zur  Basis  ein." 
On  the  other  hand,  Ludwig^  has  shown  that  in  Rhizocrinua 
there  is  but  one  water-pore  in  each  interradial  area  of  the 
disc,  although  the  plating  of  the  perisome  may  be  very  exten- 
sive. Water-pores  are  found  in  most  Cystids,  being  variously 
arranged  into  poriferous  or  tubular  structures,  but  the  distri- 
bution of  these  is  very  different  in  different  genera.  They  are 
usually  antiambulacral,  as  in  Caryocrinus,  but  in  Protocrinus 
and  Glyptosphcerites  they  occur  between  the  ambulacra  of 
the  ventral  surface  as  in  Pentacrinm,  Billings^  has  at- 
tempted to  show  "  the  gradual  passage  or  conversion  of  the 
respiratory  organs  of  the  Cystidea,  Blastoidea,  and  PalceO' 
crinoidea  into  the  ambulacral  canal  system  of  the  recent 
Echinoderms."  I  cannot,  however,  regard  his  attempt  as 
successful.  This  is  not  the  place  for  a  critical  examination 
of  his  arguments,  but  I  may  remark  thai  the  pectinated 
rhombs  of  the  Cystids  and  the  hydrospires  of  the  Blastoids 
are  all  interradial,  while  the  water-vascular  trunks  of  the 
recent  Echinoderms  are  radial  in  their  origin.  Further, 
Miiller  has  pointed  out  that  the  homologues  of  the  former  in 
the  recent  Crinoids  are  the  water-pores  of  the  disc,  the  exist- 
ence of  which  appears  to  have  been  quite  unknown  to 
Billings;  and  Ludwig'^  has  recently  shown  the  very  close 
resemblance  between  the  structure  of  the  so-called  genital 
clefts  of  the  Ophiurids  and  the  hydrospires  of  Pentatremites, 
so  that  there  is  no  occasion  to  seek  for  the  homologues  of  the 
latter  in  the  water-vascular  system  of  the  Crinoids  or 
Ophiurids  as  Billings  has  done. 

The  skeleton  of  a  modern  Crinoid  then,  may  be  regarded 
as  composed  of  three  distinct  systems  of  plates,  viz.  the 
abactinal  or  apical,  the  actinal  or  oral,  and  the  intermediate, 
which  is  both  ambulacral  and  inter-  or  anambulacral.  These 
may  be  developed  in  very  different  degrees  of  complexity, 
especially  in  the  older  forms.  Their  mutual  relations  are 
presented  as  simply  as  possible  in  the  modern  Hyocrinus, 
while  in  genera  like  Uucalyptocrinus  and  Bhodocrinus,  one 
or  more  of  these  systems  is  extremely  complicated  by  the 
extensive  subdivision  of  its  primary  elements  and  the  de- 
velopment of  secondary  ones.     Lastly,  in  ComaUila  the  oral 

'  '  Baa  der  Echinodermen,'  p.  64. 
2  Loc.  cit.,  p.  118. 
»  'Canad.  Nat.,'1869,  p.  426. 

*  *'Beitrage  zur  Anatomic  der  Opliiuren,"  *  Zeilschr,  fur  wiss.  Zool.,'  Bd. 
xxxi,  pp.  282-285. 
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and  the  apical  systems^  although  extremely  well  developed 
in  the  larva^  undergo  very  extensive  changes  which  result  in 
the  total  disappearance  of  the  oral  system^  and  a  consider- 
able modification  of  the  basal  element  in  the  calyx.  In  some 
tropical  species  the  anambulacral  system  may  reach  a  high 
stage  of  develoj^ment,  but  in  the  British  species  it  is  very 
imperfect  even  in  the  larva,  and  shares  the  fate  of  the  oral 
plates  by  undergoing  complete  resorption.^ 

I  have  already  endeavoured  to  determine  the  homologies 
of  the  Crinoidal  calyx  in  the  other  Echinoderms.  Let  us 
now  attempt  to  solve  a  similar  problem  with  regard  to  the 
other  elements  of  their  skeleton.  The  oral  system  of  a 
Crinoid  consists  essentially  of  five  plates  or  series  of  plates, 
disposed  interradially  around  the  mouth.  I  have  already 
stated  that  I  have  entirely  failed  to  find  any  traces  of  these 
plates  in  any  of  Agassiz'  figures  of  Asterid  larvee,  and  that 
as  far  as  can  be  judged  from  Metschnikoff^s  figures  their  pre- 
sence in  the  Ophiurids  is  very  uncertain.^  In  the  Holothu- 
rians,  however,  the  oral  plates  of  the  Crinoids  are  very  well 
represented.  Kowalewsky^  figures  five  laree  triangular  plates 
around  the  mouth  of  the  young  Psolinm  oreviSf  without  any 
trace  of  a  commencing  skeleton  in  any  other  part  of  the 
body.  He  makes  no  reference  to  them  whatever,  but  they 
seem  to  persist  through  life ;  if  not  in  Psoltnus,  at  any  rate 
in  Psolus  ephipptfer  in  which,  according  to  Wyville  Thomson, 
a  slightly  elevated  pyramid  of  five  very  accurately  fitting 
calcareous  valves  closes  over  the  oral  aperture  and  the  ring 
of  oral  tentacles. 

Again,  Krohn^  describes  a  Holothurian  larva  in  which  the 
border  of  the  blunt  and  rounded  anterior  end  is  '^  durch  5 
vorspringende  durchlocherte  Kalkscheibchen  in  eben  so  viele 
Lappen  getheilt.^^  Besides  these,  the  whole  perisome  con- 
tains a  number  of  overlapping  reticulated  plates.  These 
also  occur  in  the  Oucumaria  larva  figured  by  Selenka,^  but 
there  is  no  trace  of  orals,  and  the  plates  are  smaller  than  in 
Krohn's  larva,  and  not  in  contact. 

With  regard  to  the  Echini,  it  might  seem  at  first  sight 
rather  a  hopeless  task  to  attempt  to  determine  the  elements 
of  an  oral  system  among  the  large  number  of  plates  which 

»  W.  B.  Carpenter, « Phil.  Trans./  loo.  cit.,  p.  471. 

*  See  Addenda,  No.  5,  p.  205 

*  *'Beitrage  zoi  Entwickelongs-geschichte  der  Holthnrien/' '  Si  Peters- 
burg  Memoirs/  tome  xi,  No.  6i  fig.  13. 

*  "BeobaobtnngenausderEntwickelangderHolotharienund  Seeigel/' 
•MuUer'8  Archiv7 1851,  p.  347. 

*  "Zar  EntwickeluDg  der  Holotburien/'  *ZeiUcUr.  fiir  Wiss.  Zool.,'  Band, 
xxriiy  taf.  xiii,  fig.  28. 
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cover  the  buccal  membrane  of  an  ordinary  Urchin.  But  in 
the  remarkable  form  Leskia  {Palaostoma)  mirabilis,  there 
are  only  five  plates  on  the  buccal  membrane.  These  are 
large,  triangular,  and  interradial  in  position^  as  they  alter- 
nate with  the  bases  of  the  ambulacra.  Here  I  believe  we  have 
the  key  to  the  problem,  one  which  both  Gray  and  Lovdn 
have  attempted  to  use^  and  in  two  different  ways,  neither  of 
which  seems  correct  when  viewed  by  the  light  of  our  present 
knowledge.  In  1851,  Gray^  wrote  as  follows,  respecting 
Leskia :  ^*  In  the  form  of  the  mouth  and  vent  it  has  con- 
siderable affinity  with  the  fossil  Cystidea  of  Von  Buch,  as 
especially  the  genus  Echinospharites.**  Some  years  later, 
when  Billings  and  others  had  attempted  to  show  that  the 
so-called  **  ovarian  pyramid"  was  really  the  mouth  or  mouth- 
anus,  Lov^n^  compared  its  five  valves  to  those  surrounding 
the  mouth  of  Leskia,  a  point  which  seemed  to  give  con- 
siderable support  to  Billings'  views.  On  the  whole,  however, 
it  seems  most  probable  that  Agassiz,  Liitken,  and  Wy ville 
Thomson,  are  right  in  regarding  the  ovarian  pyramid  as  anal 
in  function.  Agassiz*  compares  its  five  valves  to  the  five 
plates  which  cover  the  anal  opening  in  many  young  Echini, 
during  a  considerable  period  of  their  growth,  but  which  ulti- 
mately undergo  much  modification. 

Leaving  the  Cystids  for  the  present  and  returning  to  the 
simpler  and  more  comprehensible  recent  Crinoids,  I  think 
there  can  be  little  doubt  as  to  the  homology  of  the  oral  plates 
of  Hyocrintis  and  of  the  Pentacrinoid  larva  of  Antedon,  with 
the  similar  and  similarly  situated  plates  in  the  actinostome 
of  Leskia.  We  have  seen  that  the  Crinoid  skeleton  may  be 
regarded  as  composed  of  three  distinct  systems  of  plates,  the 
apical,  the  oral,  and  the  intermediate.  The  latter  is 
developed  in  an  equatorial  zone,  occupving  the  larger  or 
smaller  area  of  perisome  which  gradually  appears  between 
the  oral  and  apical  systems  of  the  larva.  A  general 
homology  (irrespective  of  details)  between  the  apical  systems 
of  Crinoids  and  Echini  is  now  universally  admitted ;  and  if, 
as  I  have  endeavoured  to  show,  the  five  oral  valves  on  the 
actinal  membrane  of  Leskia  are  homologous  with  the  oral 
circlet  of  a  Crinoid,  then  the  coronal  plates  of  the  Urchin 
must  represent  those  developed  in  the  equatorial  zone  of  the 
Crinoid.  A  still  closer  resemblance  in  matters  of  detail 
will  be  pointed  out  further  on. 

In  some  young  spatangoids  (Brissopsis)  the  actinostome  is 

*  Loc.  cit.,  p.  63. 

5  "  Om  Leskia  mirabilis'*  loc.  dt.,  pp.  436—440. 

»  Note  on  Lov^n's  articJe  on  Leskia  mirabi/is,  loc.  cit.,  p.  243. 
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pentagonal,  while  in  others  there  is  a  smaller  number  of 
actinal  plates  than  usual^  but  Palaostoma  is  the  only  genus 
in  which  a  regular  radiate  arrangement  is  perceptible.  The 
actinal  membrane  of  all  Desmosttcha,  whether  it  be  regularly 
imbricated  or  not^  bears  ten  large  prominent  interradial 
plates^  which  are  pierced  by  the  ten  large  buccal  tentacles.^ 
They  appear  to  develop  from  the  continuous  plating  of  lime- 
stone cells  which  extends  over  from  the  abactinal  side  so  as 
to  cover  the  whole  actinal  surface  of  the  young  Urchin. 
They  are  found  in  all  young  Echini,  being  the  first  plates  to 
appear  of  all  those  on  the  actinal  membrane/  while  in  many 
genera  they  always  retain  a  *' greater  preponderance." 
Agassiz^  regards  them  as  homologous  with  the  five  actinal 
plates  of  Leskia,  and  they  would  therefore  represent  the  five 
oral  plates  of  the  Grinoids.  This  view  is  strengthened  by 
the  fact  that  they  are  pierced  by  the  ten  large  buccal 
tentacles,  much  in  the  same  way  as  the  ocular  plates 
(=radials)  are  said  to  be  pierced  by  the  odd  terminal 
tentacles  of  the  ambulacra,  while  the  orals  of  the  young 
Crinoid  are  also  opposite  to  five  pairs  of  short  tubular 
tentacles  placed  interradially,  though  not  perforated  by  them. 
These  orals  alternate  with  five  large  azygos  tentacles,  the 
homologues  of  which  in  the  Urchins  separate  each  pair  of 
buccal  shields,  and  ultimately  become  the  odd  terminal 
tentacles. 

I  am  by  no  means  sure  that  Agassiz  is  right  in  comparing 
these  buccal  plates  of  the  Desmoaticha  to  the  oral  valves  of 
LesJUa,  In  the  first  place  they  are  paired  and  perforate, 
while  the  latter  are  single  and  imperforate.  This,  however, 
is  a  comparatively  unimportant  difference.  The  one  on 
which  I  would  lay  most  stress  is  the  mode  of  origin  of  the 
buccal  shields,  which  is  very  different  from  that  of  the  oral 
plates  of  Grinoids.  Agassiz  himself  describes  them  as 
formed  by  an  extension  of  the  limestone  plating  from  the 
abactinal  over  on  to  the  actinal  surface.  It  can,  of  course, 
be  urged  that  this  be  also  the  origin  of  the  oral  valves  of 
Leskia,  If  so,  they  cannot  be  homologous  with  the  oral 
plates  of  the  Grinoids ;  but,  as  far  as  mere  appearance  goes, 
they  resemble  these  far  more  than  they  do  the  ten  perforate 
buccal  shields  of  the  Deamoaticha.  Lovdn,*  however,  gives 
an  entirely  different  interpretation  of  these  buccal  shields. 

1  *  Revision  of  the  Echini,'  p.  699,  plates  ii,  figs.  2  and  4,  and  x, 
fig.  3. 
«  'Revision,' p.  735. 
»  *  Revision,'  p.  583. 
*  Loc.  cit.,  pp.  27—29. 
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He  regards  them  as  the  '^rudiments  of  the  first  primary 
plates  of  the  ambulacra/'  which  are  arrested  in  their 
extension  towards  the  peristome  by  the  resistance  of  the 
auricles  that  are  attached  to  the  internal  surfaces  of  the 
ambulacral  plates^  and  serve  as  supports  to  the  lantern. 
For  between  every  two  pairs  of  these^  nearer  the  periphery, 
he  finds  smaller  triangular  plates  intercalated,  which  he 
regards  as  the  first  traces  of  the  interradial  areas.  In  the 
Cidarida,  however,  the  bases  of  the  auricles  are  interradial, 
and  they  therefore  offer  no  resistance  to  an  extension  of  the 
ambulacra  towards  the  margin  of  the  corona.  As  the  plates 
successively  reach  this  margin,  their  sutures  are  opened  and 
they  undergo  considerable  changes,  so  as  to  give  rise  to  the 
imbricated  plates  of  the  actinal  membrane,  which  are 
therefore  merely  metamorphosed  ambulacral  plates.  In 
many  Urchins  (^Echinus,  Temnechinus,  Strongyhcentrotua) 
the  actinal  membrane  is. quite  bare,  with  the  exception  of 
the  ten  perforated  buccal  shields.  These  are  formed  very 
early  near  the  edge  of  the  test,  but  gradually  approach  the 
bases  of  the  teeth  durine  development.  In  certain  genera 
(Poroddaris)  small  imbricating  plates  are  formed  between 
them  and  the  teeth,  while  the  remaining  peripheral  part  of 
the  membrane  is  left  bare.  More  commonly,  however,  this 
is  covered  by  imbricating  plates  in  greater  or  smaller  number. 
Thus,  in  Hemipedina  the  ten  buccal  plates  are  large  and 
occupy  nearly  the  whole  membrane,  which  bears  eight  or 
ten  very  much  smaller  ones  between  them  and  the  test. 
But  in  Salenia  and  Tozopnemtea  the  membrane  is  chiefly 
covered  by  a  number  of  imbricating  plates  closely  packed 
together,  though  the  ten  perforated  buccal  plates  remain 
distinct.  In  Trigonocidaris  they  are  but  slightly  more 
prominent  than  the  others,  and  in  the  DictdematidtB  and 
Cidarida  all  trace  of  them  is  lost,  at  any  rate  in  the  adult, 
as  seems  also  to  be  the  case  among  the  irregular  Urchins. 
In  Echinothrix  and  in  the  Echtnothurida  the  actinal 
membrane  is  covered,  as  in  the  Ctdarida,  by  a  number  of 
movable  imbricating  plates,  which  perform  the  part  of 
ambulacral  and  interambulacral  plates,  like  those  of  the  test 
of  an  ordinary  Urchin.  For  the  imbricated  plates  continuing 
the  ambulacral  system  on  to  the  actinal  membrane  are 
pierced  for  suckers  identical  with  those  of  the  rest  of  the 
ambulacral  zone,  extending  unbroken  to  the  actinostome  as 
far  as  the  buccal  tentacles,  which  are  not  different  in  size 
from  the  other  ambulacral  tentacles. 

These  imbricating  buccal  plates  which  Loven  regards 
inerely  as  metamorphosed  ambulacral  plates,  form  a  much 
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larger  proportion  of  the  test  of  the  Cidarida  than  the  plates 
on  the  actinal  membrane  do  in  the  other  Urchins.  For  the 
number  of  coronal  plates  is  small,  especially  in  young 
specimens^  the  test  of  which  seems  to  consist  almost 
entirely  of  an  actinal  and  abactinal  system,  separated  by  a 
narrow  band  of  coronal  plates.  Further,  these  imbricated 
buccal  plates  are  arranged  radially  in  rows  made  up  of 
more  than  two  plates,  with  the  plates  lapping  in  opposite 
directions  in  the  ambulacra  and  interambulacra.  These 
peculiarities  are  also  found  in  the  plates  not  only  of  the 
buccal  membrane,  but  also  of  the  corona  of  the  Echinothu" 
rid(B,  and  they  are  characteristic  of  the  Palachmidte* 
Hence,  Agassiz^  has  suggested  that  the  test  of  these  last 
was  made  up  of  plates  homologous  with  the  buccal  plates 
of  Cidaris.  Were  the  narrow  band  of  coronal  plates  in  a 
young  Cidaris  to  disappear  entirely,  and  the  buccal  plates 
to  take  a  correspondingly  great  development,  we  should 
have  a  spherical  Urchin  agreeing  in  every  respect  with  the 
typical  PalcBchintis,  The  test  would  be  reduced  to  the 
actinal  and  abactinal  systems,  and  be  entirely  made  up  of 
small  ambulacral  and  interambulacral  plates  consisting  of 
several  rows,  and  homologous  with  those  of  Asthenosoma  and 
Cidaris.  Instead  of  regarding  the  test  of  a  PakechintM  as 
consisting  only  of  an  abactinal,  together  with  an  enlarged 
actinal  system,  Agassiz^  has  pointed  out  that  the  latter  may 
be  also  considered  as  a  corona,  reaching  almost  to  the  jaws, 
the  actinal  membrane  being  reduced  to  an  insignificant 
member,  as  in  the  Clypeastroids.  This  view  is  essentially 
similar  to  that  put  forward  by  Lov^n.  It  appears  to  me  that 
it  is  the  more  correct  of  the  two,  and  I  imagine  that  the 
Pal<2chinid<£  exhibit  to  us  a  condition  of  the  Echinoderm 
skeleton,  closely  similar  to,  and  yet  different  from  that  which 
is  found  in  many  Crinoids. 

It  is  worth  notice  that  there  are  many  Holothurians,  the 
condition  of  which  is  in  some  measure  comparable  to  that 
of  the  Palacktnida  and  Echinothurid^e.  Thus,  in  Psolus, 
Ocrtis,  Colochirus,  and  EchinocucumiSy  there  is  a  flexible 
test,  i,  e.  a  thick  leathery  membrane,  in  which  large  cal- 
careous plates  are  imbedded,  and  in  Cohchirns  they  are 
pierced  for  the  tubular  feet.  The  homology  of  these  plates 
with  the  test  of  Echini  has  been  already  pointed  out  by 
Semper.^  In  Psolus  there  is  also  an  oral  system,  but  no 
distinct  apical  system  has  been  traced,  while  in  the  Perisso 

1  *  Revision,'  pp.  257,  646. 

2  *  Revision/  p.  646. 

3  "  Reisen  im  Archipel  der  Pbilippinen,"  ii,  1.  *  Holothurien,'  p.  68. 
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echinidie  the  reverse  is  the  case.  In  the  irregularity  of  the 
plating  the  Holothurians  resemble  the  Crinoids,  but  even  in 
the  latter  there  are  traces  of  a  radiate  arrangement  in  the 
plating  of  the  disc^  which  resembles  the  alternation  of  the 
ambulacra  and  interambulacra  in  the  test  of  an  Urchin. 
Thus,  in  Pentacrintts^  there  are  rows  of  small  marginal 
plates  at  the  sides  of  the  ambulacra,  and  in  the  interradial 
and  interbrachial  areas  between  them  are  the  perforated 
anambulacral  plates.  These  mar^nal  plates  at  the  sides  of  the 
ambulacra  also  occur  on  the  disc  and  arms  of  Mhtzocrinus, 
and  on  the  arms  of  Pentacrinus,  HyocrinuSy  Bathycrinus, 
lind  of  the  young  Antedon,  in  which  they  ultimately  undergo 
resorption.  Wachsmuth^  has  found  them  also  in  the  arms 
of  Oyathocrinus  and  of  other  Palaeozoic  Crinoids,  in  which 
they  are  borne  upon  small  quadrangular  plates  situated  on 
the  outside  of  each  groove,  and  interlock  with  one  another 
over  the  middle  line  of  the  groove  so  as  apparently  to 
close  it  completely.  Wachsmuth  believes  that  they  were 
movable,  and  only  closed  over  the  furrow  when  the  arms 
were  folded  up.  Milller  found  an  outer  row  of  plates  sup- 
porting the  delicate  marginal  plates  of  the  ambulacra  of 
Pentacrinus  of  the  same  nature  as  those  described  by  Wach- 
smuth in  CyathocrvmSy  and  he  seems  to  have  called  them 
adamlulacral  (fig.  xiv,  ad)y  and  to  have  regarded  them  as 
homologous  with  the  similarly  named  plates  in  the  Asterids 
and  Ophiurids.^  In  this  I  entirely  concur,  and  I  would 
go  still  further  and  compare  the  double  row  of  marginal 
plates  covering  the  ambulacral  grooves  (fig.  xiv,  sup.)  to 
the  ordinary  superambtdacral  pleites  in  the  test  of  the  Urchins, 
and  in  the  Ophiurtds, 

In  most  Ophiurids  these  plates  are  arranged  in  a  single 
row,  but  they  are  primitively  double,  as  in  the  young  Aste- 
rids, in  which  they  ultimately  become  resorbed.  In  the 
Urchins  this  is  not  the  case,  and  the  ambulacral  areas  consist 
of  two  rows  of  plates,  but  they  differ  from  the  marginal  plates 
of  Pentacrintis  and  most  other  Crinoids  in  being  perforated 
by  pores,  through  which  the  tubular  feet  reach  the  exterior. 
In  Cyathocrinusy  however,  Wachsmuth  has  found  the  apices 
of  these  marginal  plates  to  be  perforated,  so  that  the  course 
of  the  ambulacra  is  marked  out  by  double  rows  of  small 
pores,  very  much  as  in  the  Urchins. 

Another  striking  resemblance  between  the  elements  of  the 

'  Miiller,  **  Pentacrinut,''  loc.  cit.,  p.  49. 
8  Loc.  cit.,  pp.  120—124. 

*  See  Huxley's  "Lectures  on  General  Natural  History,"  'Medical 
Times  and  Gazette,'  Dec.  13, 1856,  p.  587. 
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ambulacral  skeleton  of  the  Crinoids  and  of  the  other  Echino- 
dernis  has  already  been  mentioned.  Underlying  the  ambu- 
lacra on  the  disc  of  Pentacrinus,  Miiller*  found  a  series  of 
median  azygos  plates,  which  he  termed  suhambulacral,  and  he 
compared  them  to  similar  plates  found  by  Boemer  beneath 
the  ambulacra  of  the  Blastoids.  I  pointed  out  above  that  they 
are  also  represented  in  the  Palseocrinoidea.  Miiller  rightly 
regarded  them  as  corresponding  in  their  position  with  respect 
to  the  water  vessel  with  the  radial  ossicles  of  the  oral  calca- 
reous ring  in  the  Holothurians^  and  with  the  rotulse  in  the 
lantern  of  Echini.  Simroth^  has  shown  that  there  are  good 
reasons  for  regarding  the  rotulse  (together  with  the  radii) 
and  the  auricles  as  respectively  representing  the  first  and 
second  vertebral  ossicles  of  the  Starfish  arms.  Had  Miiller 
continued  to  hold  his  original  views,  which  are  now  generally 
accepted,as  to  the  homology  of  the  radial  pieces  of  the  oral  ring 
in  the  Holothurians  with  the  auricles  of  the  Echini,  and  with 
the  vertebrae. of  the  Starfish  arms,  he  would,  no  doubt,  have 
also  described  these  last  as  subambulacral.^  The  principal 
component  of  the  Crinoid  skeleton  being  anti-ambulacral 
(or  abactinal)  is,  of  course,  not  to  be  found  in  the  Urchins, 
and  is  only  imperfectly  represented  in  the  Starfishes. 

It  is  merely  an  extensive  development  in  a  radial  direction 
of  the  primitive  abactinal  or  apical  system,  situated  at  the 
dorsal  pole  of  the  larva,  which  is  of  extreme  importance  in 
Echinoderm  morphology,  for,  as  shown  by  Agassiz,^  it  is  the 
foundation  of  the  whole  skeleton,  whether  anti-,  sub-,  or 
super-arabulacral.  *'  In  fact,  the  external  limestone  plates 
forming  the  test  of  a  Sea-urchin,  the  reticulated  network  of 
the  actinal  and  abactinal  surface  of  a  Starfish,  together  with 
the  ambulacral  and  interambulacral  plates  and  the  plates 
forming  the  disc  of  an  Ophiuran,  the  upper,  lower,  and  side 
arm-plates,  as  well  as  internal  skeleton,  are  all  directly 
derived  from  the  simple  system  of  limestone  plates  of  the 
abactinal  surface  of  the  Echinoderm  embryo." 

In  the  Crinoids  the  abactinal  or  antiambulacral  system 
remains  most  nearly  in  its  primitive  condition,  extending  but 
very  slightly  towards  the  actinal  side.  But  in  the  other 
Echinoderms  the  radial  plates  of  the  abactinal  system, 
situated  round  the  dorsal  pole  of  the  embryo,  gradually 
extend  towards  the  edge  of  and  down  on  to  the  actinal  side,  so 

*  Peniaerinus,  loc.  oit.,  p.  49,  and  '  Bau  der  Echinodermen,'  pp.  57,  58. 
^  "  Anatomic  und  Schizogonie  der  Ophiadis  Firens,'  Sars.,  Zweiter  Theil, 
*  Zeitschr.  fiir  Wias.  Zool.,*  xxviii,  pp.  511,  612. 
s  See  Addenda,  No.  6,  p.  205. 
<  •  North  American  Starfishes,'  pp.  91—93. 
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as  to  enclose  the  water-system.  The  Ophiurids  and  Urchins 
remain  permanently  in  this  condition^  but  in  the  Asterids 
the  superambulacral  plating  is  resorbed  along  the  central  line^ 
its  edges  sending  out  small  spurs  to  form  the  vertebral  ossi- 
cles or  subambulacral  system,  which  makes  up  the  principal 
element  in  the  Starfish  skeleton.  In  the  Crinoids,  however,  no 
extensive  changes  of  this  kind  take  place,  and  in  this  respect, 
as  well  as  in  the  condition  of  their  actinal  skeleton,  they  are 
in  a  far  more  embryonic  condition  than  are  the  other  Echi- 
noderms,  so  that  we  have  another  strong  piece  of  evidence  in 
favour  of  the  view  that  they  are  phylogenetically  the  oldest 
members  of  the  group. 

It  will  have  been  gathered  from  the  foregoing  pages  that 
the  general  views  which  T  hold  respecting  Echinoderm  mor- 
phology are  essentially  those  of  Johannes  Miiller,  as  modified 
and  extended  by  A.  Agassiz.  Gotte,^  however,  has  recently 
put  forward  some  considerations  which  have  led  him  to 
adopt  precisely  the  opposite  of  Miiller's  views,  namely,  that 
the  apex  of  a  Starfish  represents  the  whole  convex  part  of 
an  Echinid  shell,  instead  of  the  apex  of  the  Urchin  corre- 
sponding to  the  whole  antiambulacral  surface  of  the  Starfish. 
Further,  Gotte  considers  the  arms  of  the  Crinoids  to  be 
homologous  with  the  oral  tentacles  of  the  Holothurians.  A 
view  similar  to  this  was  put  forward  some  time  ago  by 
Wyville  Thomson,®  and  also  later  by  Huxley,*  who  seems 
to  have  subsequently  abandoned  it,  as  there  is  no  mention 
of  it  in  his  ^  Anatomy  of  the  Invertebrata.* 

Gotte  regards  the  Echinoderm  skeleton  as,  so  to  speak, 
the  result  of  a  combination  in  varying  degrees  of  two  modes 
of  radiation  which  are  essentially  opposed  to  one  another. 
One  of  these  systems  corresponds  in  position  with  the  water- 
vascular  trunks,  and  is  thus  radial  as  regards  the  general 
symmetry  of  the  Echinoderm  type.  In  the  brachiate  orders 
(Starfishes  and  Crinoids)  it  forms  the  skeleton  of  the  arm 
bases.  The  other  skeletal  system,  as  seen  in  the  Crinoid,  is 
that  of  the  first  formed  part  of  the  calyx,  viz.  the  basis,  on 
the  abactinal  surface  of  the  body,  together  with  the  oral 
system  of  the  actinal  surface.  This  system  alternates  in 
position  with  the  tentacle-bearing  arm  bases,  and  is,  there- 
fore, interradial.  It  is  the  more  prominent  of  the  two  in  the 
young  Comatulay  in  which  the  basals  and  orals  attain  a 
considerable    size   before    the   appearance   of    the    radials. 

»  Loc.  cit.,'  pp.  627—630. 
2  'Edinburgh  New  Phil.  Journal/  loc.  cit.,  p.  115. 
'  *'  Notes  on  the  Invertebrata,"  *  Medical  Times  and  Gazette/  Aug.  14, 
1875,  pp.  173, 174. 
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Later  on,  however,  they  undergo  a  considerable  regressive 
metamorphosis^  while  the  abactinal  skeleton  of  the  arms 
develops  very  rapidly^  as  the  water -vascular  stems  extend 
outwards  from  the  disc,  bearing  with  them  the  odd  terminal 
tentacle.  This  mode  of  growth,  with  some  slight  modifica- 
tions, is  common  to  the  Asterids  and  Ophiurids,  the  arms  of 
which,  as  of  the  Crinoids,  may  be  regarded  as  an  extreme 
development  of  the  primary  tentacular  caeca  borne  upon  the 
water-vascular  ring  of  the  larva,  which  becomes  much  en- 
larged and  acquires  a  calcareous  skeleton.  The  water- 
vascular  ring  of  the  Holothurian  embryo  also  bears  five  tenta- 
cular cseca,  but  the  water-vascular  trunks  indicating  the 
five  antimera,  are  not  formed  (when  present)  bv  these  caeca 
being  carried  outwards  away  from  the  ring,  as  is  the  case  in 
the  Starfishes ;  for  they  appear  separately  as  five  other  diver- 
ticula from  the  water-vascular  ring,  alternating  with  the 
tentacular  rudiments. 

Gotte  assumes  that  these  casca  are  of  pnmary  importance, 
and  occupy  a  similar  position  in  all  Echinoderms.  He  is 
consequently  led  to  regard  the  Starfish  arms,  with  their 
primitive  terminal  tentacles,  as  homologous  with  the 
branching  tentacles  of  the  Holothurians.  In  the  same  way 
he  compares  the  inter  tentacular  an  timers  of  the  Holothu- 
rians to  the  interradial  antimers  of  the  Crinoids ;  for  these 
which  contain  the  basal  and  oral  plates,  alternate  with  the 
tentacle-bearing  arm  rudiments,  that  ultimately  attain  so 
great  a  development  and  obliterate  or  obscure  the  primary 
interradial  skeleton. 

I  regret  that  I  am  unable  to  accept  Gotte's  views.  He 
brings  forward  no  argument  in  their  favour,  except,  of  course, 
one  of  time,  namely,  that  the  five  caeca  which  first  appear 
as  outgrowths  of  the  water-vascular  ring,  develop  in  the 
Holothurians  into  the  branched  oral  tentacles,  and  in  the 
Starfishes  into  the  large  terminal  tentacles  at  the  ends  of 
the  arms.  Further,  if  Gotte's  views  are  correct,  the  con- 
clusions which  naturally  follow  from  them  are  completely  at 
variance  with  many  facts  of  Echinoderm  morphology.  He 
regards  the  condition  of  the  Echini  as  essentially  similar  to 
that  of  the  Holothurians,  though  the  ambulacral  areas  are 
not  completely  homologous  in  the  two  groups,  owing  to  the 
presence  of  interambulacra  in  the  Urchins,  and  to  slight 
differences  in  the  mode  of  origin  of  the  water-vascular  trunks. 
In  the  Urchins  the  ^^urspriinglichen  Tentakelanlagen  werden 
nicht  in  Arme  fortgesetzt,  deren  Entwickelung  eine  beson- 
dere  aborale  Strahlgliederung  unterdriickte  und  die  damit 
altemirende  orale  Gliederung  zur  ausschliesslich  herrschen- 
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den  machte ;  indem  also  Fortsetzungen  der  ersten  Tentakel- 
gefasse  in  den  aboralen  Korpertheil  hineinwachsen^  bezeich- 
nen  die  von  ihnen  gebildeten  Ambulacralfelder  nicht  die 
einzigen  Strahlsegmente^  sondern  wechseln  regelmassig  mit 
den  Interambulacralfeldern  ab,  welche  gewissermassen  ein 
Strahlsystem  fiir  sich  bilden^  da  auch  ihre  ersten  Skelet- 
anlagen  gleichzeitig  mit  den  ambulacralen  aber  unabhangig 
von  denselben  und  nicht  paarig  gerade  so  wie  die  radiarcn 
Biickenplatten  der  Seesterne  entstehen.'^ 

I  must  confess  that  I  cannot  agree  with  these  conclusions 
of  Gotte's.  On  his  own  showing,  the  water-vascular  stems 
in  the  embryo  Urchin  do  not  alternate  with  the  primary 
tentacular  cseca  as  in  the  Holothurians^  and  yet  the  anti- 
mera  they  indicate  are  supposed  by  him  to  be  homologous 
in  the  two  cases.  If  the  relative  positions  of  the  primary 
tentacular  caeca  and  of  the  water-vascular  stems  are  mor- 
phologically as  important  as  Ootte  supposes^  surely  he  is 
somewhat  inconsistent  in  completely  disregarding  them^  as 
in  the  case  just  quoted.  Krohn^  states  that  the  five 
primary  tentacles  of  the  young  Urchin  disappear^  instead 
of  persisting  and  branching  as  in  the  Holothurians ;  but 
according  to  Agassiz^  and  Lov^n'  the  mode  of  growth  of  the 
new  tentacles  is  the  same  as  in  the  Starfishes.  They  are 
formed  in  successive  pairs  at  the  bases  of  the  large 
primary  tentacles,  which  are  thus  carried  away  from  the 
water  vascular  ring  as  the  test  enlarges  and  the  radial  stems 
elongate.  Agassiz^  states  positively  that  they  pierce  the 
ocular  plates,  but  Perrier^  altogether  denies  this.  Whether 
they  are  present  in  the  adult  or  not,  the  fact  that  they  ter- 
minate the  growing  water-vascular  trunks^  as  in  the  Star- 
fishes, is  a  sufficient  argument  against  Gotte's  views,  which 
are  based  upon  the  hypothesis  that  the  arms  of  the  Starfishes 
are  not  homologous  with  the  ambulacral  areas  of  the  Urchins 
and  Holothurians,  but  with  the  buccal  tentacles  of  the  latter. 
Upon  this  hypothesis  the  ambulacra  of  the  Urchins  are 
supposed  to  be  developed  altogether  from  the  right  antimer> 
like  the  apex  of  the  Starfishes  and  the  basis  of  the  Crinoids. 
Gotte  therefore  regards  the  aboral  portions  of  the  Starfish 
body  as  equivalent,  not  merely  to  the  apex,  but  to  tne  whole 
convex  portion  of  the  Echiuid  shell,  the  ventral  side  of  which 

»  MiiUer's  'Archiv/  1851,  p.  351. 
»  'Revision/  p.  725. 

*  *  Loc.  cit.,  p.  28. 

"^  *  Revision/  p.  682. 

*  **  Recherches  sur  I'Apjpareii  Circulatoire  dea  Oursins/*  '  Archives  de 
Zoologie  Exp^rimentale  ^t  G6n6raie/  vol.  iv,  p.  622. 
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represents  the  peristomial  area  of  the  Starfish ;  while  the  arms 
of  the  latter  are  structures  peculiar  to  it^  and  therefore  not 
comparable  to  any  parts  of  an  Urchin.  This  is  of  course  a 
complete  reversal  of  Miiller's  idea  that  the  apex  of  the 
Urchins  represents  the  whole  antiambulacral  dorsum  of  the 
Starfish.  So  far  as  the  actual  origin  of  the  ambulacral 
plates  is  concerned,  there  is  some  ground  for  this  hypothesis 
of  65tte's ;  for  Agassiz  has  shown  that  the  external  limestone 
plates  forming  the  test  of  a  Sea-urchin  are  all  directly 
derived  from  the  simple  system  of  limestone  plates  on  the 
abactinal  surface  of  the  embryo.  But  he  has  also  shown 
that  the  reticulated  network  of  the  actinal  and  abactinal 
surface  of  a  Starfish^  together  with  the  ambulacral  and  inter- 
ambulacral  plates^  have  the  same  origin,  which  tells  strongly 
against  the  truth  of  Gotte's  hypothesis. 

Other  considerations  too,  demonstrate  the  general  correct- 
ness of  Miiller's  views.  The  corona  of  the  Urchins  is  the 
result  of  an  extreme  vertical  elongation  of  that  portion  of 
the  equatorial  zone  of  the  larva  that  lies  between  the  peris- 
tome and  the  radials  (ssoculars),  which  last  remain  in  close 
contact  with  the  basals  (= genitals).  It  may,  therefore,  be 
termed  extra-radial.  In  the  Crinoids  the  radials  also  remain 
in  close  proximitv  to  the  basals,  as  in  the  Urchins,  but  the 
equatorial  zone  is  very  much  extended  horizontally.  It  is 
supported  by  a  dorsal  skeleton,  which  is  built  up  gradually 
upon  the  radial  circlet,  and  is  also  therefore  extra-radial,  or 
better, supra-radial.  In  the  Starfishes,  on  the  other  hand,  there 
is  a  similar  lateral  extension  of  the  equatorial  zone  which 
forms  the  ventral  surface  of  the  arms,  but  their  dorsal 
surface  is  altogether  unrepresented  in  the  other  Echino- 
derms,  and  may  be  called  introrradial.  For  it  is  the  result 
of  a  separation  of  the  radials  from  the  rest  of  the  calyx 
by  a  constant  formation  of  new  spines  at  the  base  of  each 
ray,  so  that  instead  of  their  resting  directly  on  the  basals 
there  is  a  long  interval  between  the  two  rings  of  plates. 
The  dorsal  surface  of  a  Starfish  is  therefore  strictly  compara- 
ble to  the  apex  of  an  Urchin  or  the  calyx  of  a  Urinoid  (as 
far  as  the  first  radials),  as  was  supposed  by  Muller.  But  be- 
tween the  arms  of  a  Starfish  or  Crinoid  and  the  ambulacra 
of  an  Urchin,  there  is  only  a  general  homology,  not  one 
which  can  be  followed  in  much  detail.l 

The  views  advanced  above  may  perhaps  be  better  under- 
stood by  the  help  of  the  accompanying  simple  diagrams.  If 
the  basal,  radial,  and  oral  circlets  of  the  young  Crinoid  be 

1  Compare  Agassiz,  'Revision/  pp.  768 — 760,  and  ^  North  American 
Starfishes/  pp.  87,  88. 
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represented  by  the  letters  B,  R,  and  O  respectively,  their 
relative  positions  just  after  the  appearance  of  the  radials  are 
represented  in  fig.  15.  The  line  separating  BB  and  O  in- 
dicates the  position  of  the  above-mentioned  equatorial  zone 
separating  the  oral  system  developed  around  the  left  perito- 
neal sac^  from  the  calyx  which  is  formed  around  that  of  the 


— Sj^ 


Fig.  XV.— Diagram  showing  the  relati?e  positions  of  the  basals,  orals, 
and  radials,  in  an  early  stage  of  the  development  of  a  Crinoid.  B. 
Basal.  0.  Oral.  R.  Kadial.  Eg,  Line  indicating  the  position 
of  the  equatorial  zone  which  separates  the  oral  and  apical  sjstems. 

right  side  (compare  figs,  i,  viii,  ix  in  Part  T).    Fig.  xvi  shows 
the  mode  in  which  the  supra-radial  antiambulacral  skeleton 


\/" 


Fig.  XVI.— Diagram  showing  the  relations  of  the  apical  and  oral  systems 
in  an  adolt  Crinoid.  B  0  R.  as  in  Fig.  XV.  B^  R,.  Second 
and  third  radials. 

of  the  arms  of  a  Crinoid  is  formed  in  support  of  a  lateral  ex- 
tension of  the  equatorial  zone.     In  the  Urchins  and  Holo- 


FiG.  XVn.— Diagram  showing  the  relati?e  positions  of  the  basals,  orals, 
and  radials  in  Letkia  mirabilis.       Lettering  as  in  Fig.  XV. 

thurians^  however,  the  extension  of  the  equatorial  zone  is  in 
a  vertical  direction  (fig.  xvii),  and  in  the  former  it  becomes 
covered  by  a  superambulacral  plating,  which  extends  over  on 
to  it  from  the  abactinal  side. 
In  the  Starfishes  (fig.  xviii)  the  radials  are  carried  out  from 
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the  calyx  by  the  constant  formation  of  new  spines  at  the 
base  of  each  ray,  which  are  supported  by  a  long  narrow 
limestone  plate,  extending  distinctly  from  the  basal  plate 
almost  to  the  terminal  radial.  This  plate,  according  to 
Agassiz,  is  also  derived  from  the  primitive  abactinal  system, 
as  are  the  superambulacral  plate  on  the  actinal  surface  with 
the  subambulacral  spurs  formed  from  its  edges.  It  is  com- 
parable to  the  antiambulacral  arm  skeleton  of  a  Crinoid, 
except  that  it  is  intra-  instead  of  extra-radial.    The  super- 


FiG.  XVIII.— Showing  how  the  radials  h  of  the  young  Starfish  are  carried 
away  from  the  basals  (=  genitals)  b,  and  form  the  ocular  plates  at  the 
ends  of  the  arms. 

ambulacral  plate  is  absorbed  in  the  Asterids,  but  persists  in 
the  Ophiurids  as  the  ventral  plating  of  the  arm.  The 
plating  of  the  grooves  on  the  ventral  surface  of  the  Crinoids, 
although  occupying  a  superambulacral  position,  does  not 
seem  to  have  the  same  origin  as  the  corresponding  plating 
in  the  Starfishes.  The  precise  homologies  of  the  ambulacral 
grooves  of  the  Crinoids  in  the  other  Echinoderms  have  yet 
to  be  worked  out,  but  I  am  inclined  to  think  that  Greeff's 
suggestions^  are  right  in  their  general  principle.  Agassiz^s 
observations  support  them  as  far  as  the  Urchins  and  Star- 
fishes are  concerned,  while  those  of  GottCj  on  the  other  hand, 
demonstrate  that  the  ambulacral  grooves  of  the  Crinoids  are 
a  peripheral  extension  of  the  tentacular  vestibule  of  the 
larva,  the  floor  of  which  forms  the  peristomial  area  whence 
the  groove-trunks  radiate.  This  vestibule  -  (fig.  xiii,  Ip")  is 
derived  from  the  left  or  oral  division  of  the  enterocoel,  so 
that  the  ambulacral  epithelium  (fig.  xiii,  ae)  covering  its 
floor  and  the  so-called  '^  ambulacral  nerve"  beneath  it  must 
be  hypoblastic  in  their  origin.  Further,  in  many  Actinome- 
tree  these  structures  are  altogether  absent  from  several  of 
the  posterior  arms,  as  if  the  growing  vestibule  had  been  un- 
able to  extend  itself  so  far  from  the  oral  ring,  which  in  this 
genus  is  excentric  or  even  marginal. 

We  have  yet  to  learn  that  the  ambulacral  or  nerve-epithe- 
lium of  the  other  Echinoderms  is  a  hypoblastic  organ,  and 
that  the  grooves  of  the  Starfish  arms  are  derivatives  of  the 

1  "Ueber  den  Bau  der  Echiaodermen,"  *  Dritte  Mittheilung.  Marburg 
Siteungsberichte/  No.  11, 1872,  pp.  165^169. 
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enterocoel,  as  must  be  the  case  if  these  structures  are  homo^ 
logous  with  the  similar  and  similarly  placed  parts  in  the 
Crinoids. 

POSTSCRIPT. 


1.  Figs.  II  and  vii  in  Part  I  are  described  as  "after 
Lov^n.**  I  much  regret  that,  owing  to  an  inadvertence  on 
my  part,  the  madreporite  was  omitted  from  Fig.  ii  (Apical 
system  of  Sdlenia).  Its  proper  position  would  be  in  the 
genital  (3)  at  the  south-west  corner  of  the  figure. 

It  should  also  have  been  stated  that  both  Figs,  ii  and  vii 
are  inverted  with  respect  to  the  positions  in  which  they  are 
given  by  Lov^n.  This  was  done  in  order  to  bring  them  into 
positions  corresponding  to  those  in  which  the  Crinoids  are 
usually  figured,  viz.  with  a  radius  due  south  JFigs.  iii — vi). 
The  anus  in  Lov^n's  own  figure  of  Salenia  (Etudes,  pi.  xxi, 
fig.  177)  is  south-east,  and  the  madreporite  north-east. 

I  am  anxious  to  rectify  these  omissions,  as  it  has  been 
represented  to  me  that  my  diagrams  of  Lov^n's  figures  would 
give  to  the  reader  an  incorrect  idea  of  his  views  of  the  whole 
Echinoid  body,  for  which  I  should  be  exceedingly  sorry. 

8.  In  the  note  to  pp.  869 — 70  of  Part  I,  I  have  commented 
upon  Agassiz'  not  mentioning  Dr.  Carpenter's  descriptions 
of  the  young  Comattda  in  the  second  issue  of  the  ^  Embryo- 
logy of  the  Starfish.'  I  fear,  however,  that  T  did  not  make 
it  sufficiently  clear  that  Agassiz'  memoir  remained  sub- 
stantially as  it  was  written  thirteen  (now  nearly  fifteen) 
fears  ago ;  and  that  the  notes  "  on  the  points  where  additions 
ave  been  made  by  subsequent  investigations "  were  added 
merely  "for  the  sake  of  calling  attention  to  the  present 
condition  of  the  subject."  In  one  of  these  notes,  however, 
Agassiz  implies  his  entire  acceptance  of  Loven's  opinions 
respecting  certain  homologies  (from  which  I  am,  unfortu- 
nately, obliged  to  differ),  although  he  was  presumably 
acquainted  with  Dr.  Carpenter's  observations,  which  do  not 
altogether  accord  with  the  opinions  in  question.  It  there- 
fore seemed  to  me  that  Agassiz  was  taking  rather  a  one- 
sided view  of  the  present  condition  of  the  subject  in  speaking 
of  Lov^n  as  having  ** most  thorotighly proved**  these  homo- 
logies, despite  Dr.  Carpenter's  observations  to  the  contrary, 
and  in  not  mentioning  these  last  at  all.  If  I  have  in  any 
way  been  unfair  to  Agassiz,  for  whose  Echinoderm-work  I 
have  naturally  the  very  greatest  admiration,  I  here  tender 
him  my  apologies. 

8.  It  will  be  understood,  I  hope,  that  the  presence  of  a 
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single  central  abactinal  plate  in  the  PalaBOcrinoids  (or^  at 
any  rate,  in  the  laryal  stages),  which  my  views  suppose^  is 
merely  an  inference  from  the  presence  of  such  a  plate  in  the 
stalked  larva  of  Comattda  (See  Part  I,  pp.  374,  879,  882). 
It  is  almost  needless  to  point  out  that  its  existence  is  scarcely 
susceptible  of  proof. 

4.  Since  the  above  essay  was  written  (July>  1878)  I  find 
that  the  opinions  expressed  by  Sir  Wyville  Thomson  and 
myself  regarding  Hyponome  have  been  verified  by  an 
examination  of  the  '' Challenger  "  dredgings  in  Torres  Strait. 
Sir  Wyville  Thomson  determined  on  the  spot  that  Hyponome 
is  merely  a  Comattda  minus  its  calyx  and  arm-skeleton. 
The  "Challenger"  collection  of  Comattda  contains  many 
specimens  from  Torres  Strait,  as  well  as  from  other  localities, 
which  exhibit  the  Hyponome^condition  more  or  less  perfectly. 
Some  of  these  are  Antedons,  and  the  others  ActinometrcB. 
In  the  latter  the  anambulacral  plating  is  very  extensively 
developed,  and  the  resemblance  to  Sphceronites  (first  pointed 
out  by  A.  Agassiz)  very  complete. 

5.  It  is  possible  that  the  mouth-shields  or  "first  inter- 
mediate interambulacral  pieces  "  of  the  Ophiurids  are  really 
oral  plates  which  appear  late,  and  ultimately  assume  a 
somewhat  abnormal  position.  Similar  plates  occur  in 
Brisinga  (Sars  and  Ludwig),  and  Miiller  mentions  the 
existence  of  unpaired  interambulacral  plates  round  the 
actinostome  of  other  Asterids,  but  he  did  not  regard  them  as 
comparable  to  the  mouth-shields  of  Ophiurids. 

6.  Ludwig  (^  Ophiuren,'  p.  251)  makes  an  alteration  in 
Miiller's  terminology  which  is,  I  think,  unsuitable,  as  it  will 
only  lead  to  needless  confusion.  In  the  Crinoids  in  which 
the  ventral  side  is  upwards,  the  plates  beneath  the  water-ves- 
sel were  termeA. itd>aml%dacralhj  Miiller;  and  as  mentioned 
above,  he  extended  this  name  to  similarly  situated  plates 
in  the  other  Echinoderms,  while  he  spoke  of  the  ventral 

Elating  of  the  Ophiurid  arms  as  superambulacral.  Ludwig, 
owever,  considers  this  inconvenient,  as  the  Ophiurids, 
unlike  the  Crinoids,  have  their  ventral  side  downwards,  so 
that  the  ventral  platine  is  strictly  subambulacral.  It  would 
be  interesting  to  learn  now  Ludwig  would  name  the  coronal 
plates  of  an  Urchin.  According  to  his  reasoning,  these 
are  superambulacral  round  the  apex,  but  subambulacral 
round  the  mouth,  while  neither  name  is  applicable  to  those 
round  the  equator  of  the  test.  Surely  if  Miiller  himself  did 
not  think  it  inconvenient  to  call  the  ventral  plating  of  the 
Ophiurids  superambulacral,  it  hardly  beseems  us  to  cavil  at 
his  nomenclature,  especially  when  the  proposed  change 
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cannot  but  result  in  a  dire  confusion  of  terms.  Thus^  the 
subambulacral  plates  of  the  Ophiurids  would  represent  the 
superambulacral  ones  of  the  Crinoids  and  Urchins,  and  vice 
versd!  On  page  267  Ludwig  takes  Simroth  to  task  in  the 
following  words  for  doing  very  much  the  same  that  he  has 
done  himself — "Verwirrung  aber  wird  durch  Simroth 
dadurch  angerichtet,  dass  er  die  fur  diese  Skeletstiicke  von 
Joh.  Miiller  eingefiihrte  Bezeichnung  auf  andere  Stiicke 
iibertragt."  Substitute  my  friend  Ludwig's  name  for 
Simroth's  in  the  above  sentence,  and  his  own  words  become 
applicable  to  himself ! 


The  Development  of  the  Earth-worm,  Lxjmbricus  trape- 
zoiDEs,  Duces.  By  Nikolas  Kleinenberg.  (With  Plates 
IX,  X,  XI.) 

In  Ischia,  as  in  the  neighbourhood  of  Naples,  the  most 
common  of  the  Lumbricidae  isLumbricus  trapezoides  (DugSs); 
it  is  abundant  in  gardens  and  in  the  muck-heaps  of  farms. 
Associated  with  this,  but  rarer,  and  prefering  sandy  soil  and 
the  neighbourhood  of  water,  is  another  species,  probably 
Lumbricus  teres  (Duges).      v 

The  reproduction  of  Lumbricus  trapezoides,  like  that  of 
X.  teres,  is  most  active  during  the  whole  of  the  cold  and 
temperate  season,  that  is  to  say^  from  October  to  June,  when 
the  hot  and  dry  weather  begins,  but  never  ceases  altogether, 
since  even  in  July  and  August  capsules  containing  fecun- 
dated eggs  are  found  in  shady  and  damp  places,  and  at  a 
considerable  depth;  many  of  these,  however,  perish. 

The  capsules  vary  greatly  in  size ;  the  smallest  are  hardly 
one  millimetre,  whilst  the  largest  reach  eight  millimetres 
in  length.  This  difference  is  easily  explained  by  the  mode 
of  formation  of  the  capsules,  since  necessarily  their  dimen- 
sions must  correspond  to  the  size  of  the  animal  producing 
them.  The  shape  of  the  capsules  of  L.  trapezoides  is  oval, 
with  the  ends  pointed,  or  sometimes,  on  the  contrary,  slightly 
depressed;  such  depressions  correspond  to  the  primitive  open- 
ing of  the  chitinous  ring  formed  by  the  clitellus,  which  does 
not  close  till  after  deposition. 

Their  colour  resembles  that  of  corn.  The  capsules  of 
L,  teres  are  in  general  smaller,  more  resembling  a  lemon  in 
shape,  often  with  the  ends  greatly  elongated  to  form  two  fine 
processes.    These  capsules  are  olive*coloured. 
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The  contents  of  the  capsules  of  X.  trapezoides  consist  of 
an  albuminous  mass^  in  which,  as  Bathke  has  demonstrated 
in  Nephelis  tmlgaris^  two  constituents  are  distinguishable, 
namely,  a  dense,  transparent,  strongly  refracting  substance, 
forming  a  kind  of  sponge,  with  very  fine  interstices,  and  a 
liquid  which  fills  these  interstices.  The  albumen,  under  the 
action  of  water,  of  acids,  or  of  alcohol,  assumes  the  appear- 
ance of  an  emulsion,  in  consequence  of  the  precipitation  of 
very  fine  granules,  a  decomposition  which  occurs  during  the 
progress  of  development  in  capsules  which  have  been  left 
intact. 

The  albumen  of  the  capsules  of  L.  teres  is  colourless  or 
faintly  tinged  with  greenish,  is  much  more  dense,  and  of  a 
nearly  uniform  aspect ;  it  does  not  dissolve,  except  very 
slightly,  in  water  or  in  dilute  acids. 

In  this  jelly  the  eggs  are  scattered,  and  between  them 
bundles  of  spermatozoa.  The  number  of  the  eggs  in  the 
capsules  of  L.  trapezoides  is  from  three  to  eight,  in  those  of 
L.  teres,  it  is  from  four  to  twenty,  all  of  which  become 
fecundated  and  develop ;  on  the  other  hand,  in  the  capsules 
of  L.  trapezoides  one  egg  only,  or  rarely,  two  or  three,  pro- 
duce embryos.  The  other  eggs  not  undergoing  the  exciting 
influence  of  the  male  element,  lose  their  spherical  form  and 
become  transformed  into  flat  plates,  with  more  or  less  irregu- 
lar outlines;  the  protoplasm,  by  a  kind  of  coagulation, 
changes  into  a  dark  substance,  containing  large  granules, 
and  the  eggs  gradually  dissolve  and  vanish  without  leaving 
a  trace. 

Methods  of  Investigation. 

I  should  have  undertaken  the  study  of  the  development  of 
L.  teres  more  willingly  than  that  of  L.  trapezoides,  since  in 
the  former  the  first  stages  are  more  simple  and  typical,  and 
even  the  later  stages  clearer  and  more  distinct.  Accidental 
conditions,  however,  render  the  preparation  extremely  difficult. 
The  density  and  viscosity  of  the  albumen,  together  with  the 
excessive  delicacy  and  fragility  of  the  embryos,  make  it  very 
difficult  to  obtain  any  of  them  uninjured.  Further,  as  they 
rapidly  devour  the  whole  of  the  albumen  and  store  it  up 
in  the  digestive  cavity,  their  body-walls  becomes  so  tense 
that  the  slightest  pressure  is  enough  to  b\^st  them.  For 
these  reasons  my  knowledge  of  the  development  of  this 
species  remains  incomplete,  and  I  shall  limit  myself  at 
present  to  the  description  of  the  development  of  L.  tra- 

>  Ratlike,  Beitrage  zar  fintwicklungsgesohiohte  der  Himdineen.  Eeraui* 
gegebeni  von  IL  Leuckart.    Leipsigi  1868,  p.  3* 
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pezoideSy  whose  embryos  may  be  readily  extracted  from  the 
albumen  without  injury. 

A  great  part  of  the  earliest  formations  of  the  egg  can  be 
made  out  in  the  living  state^  the  protoplasm  being  sufficiently 
transparent  to  allow  the  internal  parts  to  be  seen ;  but  after- 
wards the  precise  outlines  of  the  cells  disappear^  and  nothing 
can  be  seen  but  the  grosser  structure.  To  make  out  the  more 
delicate  structure  it  is  necessary  to  employ  reagents. 

Of  these  I  have  employed  several :  osmic  acid  applied  in 
the  state  of  vapour  gives  good  results ;  but  the  preparations 
obtained  by  the  use  of  a  mixture  of  picric  with  sulphuric 
acid  were  more  satisfactory.  This  reagent,  however,  has  the 
same  drawback  as  osmic  acid,  namely,  that  of  occasionally 
producing  swellings  in  the  primitive  blastomeres,  a  circum- 
stance which,  if  it  only  slightly  alters  the  normal  conditions, 
renders  the  preparations  less  sightly.  This  difficulty  is  over- 
come by  the  addition  of  a  little  kreosote. 

As  I  am  now  able,  after  many  experiments,  to  recommend 
strongly  the  method  of  preservation  which  I  have  here  used, 
and  for  the  majority  of  other  animal  tissues,  especially  for 
the  more  delicate  and  perishable,  I  think  it  may  be  useful  to 
give  the  exact  receipt. 

Prepare  a  saturated  solution  of  picric  acid  in  distilled 
water,  and  to  a  hundred  volumes  of  this  add  two  volumes  of 
concentrated  sulphuric  acid;  all  the  picric  acid  which  is 
precipitated  must  be  removed  by  filtration.  One  volume  of 
the  liquid  obtained  in  this  manner  is  to  be  diluted  with  three 
volumes  of  water,  and,  finally,  as  much  pure  kreosote  must 
be  added  as  will  mix. 

The  object  to  be  preserved  should  remain  in  this  liquid 
for  three,  four,  or  more  hours;  then  it  should  be  transferred, 
in  order  to  harden  it  and  remove  the  acid,  into  70  per  cent, 
alcohol,  where  it  is  to  remain  five  or  six  hours.  From  this 
it  is  to  be  removed  into  90  per  cent,  alcohol,  which  is  to  be 
changed  until  the  yellow  tint  has  either  disappeared  or 
greatly  diminished.  Alcohol  of  90  per  cent,  is  better  than 
absolute  for  preserving  the  more  delicate  structures  for  a 
long  time  uninjured,  and  for  keeping  the  preparation  at  the 
proper  degree  of  hardness. 

For  colouring  I  use  crystallised  hsematoxylin  dissolved  in 
the  following  mixture: — Prepare  a  saturated  solution  of 
calcium  chloride  in  70  per  cent,  alcohol,  with  the  addition 
of  a  little  alum  ;  after  having  filtered,  mix  a  volume  of  this 
with  from  six  to  eight  volumes  of  70  per  cent,  alcohol.  At 
the  time  of  using  the  liquid  pour  into  it  as  many  drops  of  a 
concentrated  solution  of  hsematoxylin  in  absolute  alcohol  as 
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are  sufiScient  to  give  the  required  colour  to  the  preparation 
of  greater  or  less  intensity^  according  to  desire. 

This  mixture,  notwithstanding  its  chemical  irrationality/ 
gives  good  results.  Aqueous  solutions^  especially  when  they 
contain  traces  of  ammonia,  are  to  be  avoided,  since  they  are 
very  hurtful  to  many  delicate  tissues.  The  object  must 
remain  in  the  dye  for  a  period  varying  from  a  few  minutes 
to  six  hours,  according  to  its  size  and  to  the  nature  of  the 
tissues  composing  it.  It  is  a  good  rule,  when  intending  to 
make  sections,  to  stain  deeply  and  to  cut  them  very  thin. 

When  removed  from  the  dye  the  preparation  is  to  be 
washed  in  90  per  cent,  alcohol,  in  which  it  may  remain  from 
six  to  twelve  hours.  Finally,  to  remove  every  trace  of  water, 
it  should  remain  for  half  or  a  whole  day  in  absolute  alcohol. 

If  the  preparation  is  to  be  cut  it  must  be  removed  from 
absolute  alcohol  to  essential  oil  of  bergamot,  in  which  it 
should  remain  for  some  hours,  in  order  to  fit  it  for  being 
embedded  in  paraffin,  which  is  removed  from  the  sections 
when  cut  by  means  of  a  mixture  of  four  parts  of  essence  of 
turpentine  with  one  part  of  kreosote.  Finally,  the  sections 
are  mounted  in  resin  dissolved  in  essence  of  turpentine.' 

I  have  made  sections  from  the  beginning  of  segmentation, 
but  in  the  earliest  stages  these  have  not  been  of  very  much 
use,  since  it  is  impossible  to  place  such  small  globular  bodies 
in  a  determined  position ;  the  direction  of  the  sections  is 
either  not  that  required  or  is  altogether  uncertain.  In  conse- 
quence I  preferred  studying  the  beginning  of  the  development 
by  means  of  optical  sections  of  the  entire  object,  always,  how- 
ever, using  real  sections  to  control  the  results. 

Segmentation  of  the  Egg  and  first  appearance  of  the 
Embryos. 

I  have  failed  to  observe  the  phenomena  in  the  fecundated 
egg  immediately  following  the  fusion  of  the  sexual  elements. 
The  earliest  eggs  which  I  have  observed  were  already  divided 
by  an  equatorial  furrow  into  two  embryoplastic  segments  or 
blastomeres.  In  this  stage  the  egg  is  still  contained  in  the 
vitelline  membrane,  which  is  an  oval  capsule  of  about  0*24 
mm.  in  length,  whose  very  thin  walls  are  without  any  trace  of 
structure.     Its  contents  consist  of  a  limpid,  colourless  fluid, 

*  EUstologists  are  warned  not  to  use  a  solution  of  resin  in  alcohol. 
The  preparations  mounted  in  this  are  at  first  beantifoi  but  soon  become 
spoiled,  in  consequence  of  the  precipitation  of  crystab  or  of  an  amorphous 
substance.  I  ha?e  lost  in  this  manner  manv  hundreds  of  preparations, 
and  the  same  results  have  occurred  in  the  2^1ogical  Station  al  Naples. 
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slightly  refractive^  and  holding  in  suspension  the  egg^  and 
near  it  two  or  three  polar  globules — protoplasmic  corpuscles 
containing  one  or  more  large  vacuoles.  The  egg  itself  is 
an  ellipsoidal  body^  whose  normal  axes  measure  about  0*14 
and  0*10  mm.  Its  protoplasm  is  without  vitelline  corpuscles^ 
and  is  therefore  pale  and  transparent;  it  is  divided^  as  in  so 
many  other  eggs,  into  two  substances :  one,  more  compact  and 
with  fine  granules,  is  disposed  in  a  network,  or  rather  in  the 
form  of  a  sponge,  with  relatively  large  spaces  ;  the  other  is  a 
clear,  uniform,  albuminous  liquid,  which  fills  the  spaces.  On 
the  surface  the  protoplasm  is  somewhat  condensed,  so  as  to 
form  a  very  thin  cortical  stratum. 

The  two  hemispherical  blastomeres  sometimes  fit  them- 
selves with  their  plane  surfaces  so  perfectly  in  contact  that 
it  is  impossible  to  separate  them.  Sometimes  the  centres  of  the 
planes  of  contact  become  slightly  excavated,  and  so  separate, 
leaving  between  them  a  central  lentiform  space,  while  the 
margins  still  remain  firmly  adherent.  This  space  might  be 
called.the  beginning  of  the  segmentation  cavity,  if  the  changes 
in  form  of  the  blastomeres  did  not  soon  make  it  disappear. 
In  fact,  after  a  short  period  of  rest,  a  tendency  arises  in  each 
blastomere  to  assume  the  spherical  form,  by  which  the  peri- 
pher^s  of  their  respective  bases  are  drawn  towards  the 
corresponding  centres,  and  becoming  curved  separate  from 
one  another,  so  that  finally  they  touch  only  at  a  single  point, 
in  the  place  where  the  lentiform  cavity  formerly  existed. 

The  first  two  blastomeres  at  one  time  show  distinct  nuclei ; 
at  another  are  deprived  of  them ;  at  another  show  with  great 
clearness  those  stellate  or  radiating  or  fusiform  groups  of 
fine  granules,  which  the  beautiful  researches  of  the  last  few 
years  have  shown  to  be  phenomena  constantly  accompanying 
the  formation  of  new  cells. 

The  process  of  segmentation  of  the  eggs  of  i.  trapezoides 
does  not  proceed  in  so  simple  and  orderly  a  way  as  in  many 
other  animals,  and  in  not  a  few  of  the  Annelids;  soon 
begins  a  series  of  alterations  in  shape  and  position,  of  divi- 
sions and  buddings,  of  increasings  and  diminishings  of 
volume  of  the  single  cells^  which  altogether  make  it  very 
difficult  to  trace  the  type  of  this  most  important  process, 
which,  as  the  first  manifestation  of  the  formative  forces 
hidden  under  the  apparent  sameness  of  the  protoplasm, 
serves  as  a  beginning  for  the  building  up  of  the  complicated 
and  definitely  disposed  structure  of  the  body. 

After  the  division  into  two  hemispheres  a  stage  is  often 
observed  in  which  the  egg  is  composed  of  three  blastomeres, 
arranged  in  the  form  of  a  triangle,  already  described  by 
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Kowalewsky,^  by  Ratzel  and  Warschawski'  in  Lumhricus 
agricola,  by  Rathke'  and  Robin  in  Nephelis  vulgaris  (in  which 
I  have  also  observed  it)^  and  by  ClaparMe  and  Metschnikow^ 
in  Spio  fuliginostcs ;  this  last  observation  I  am  also  able  to 
confirm  from  my  own  investigations.  Such  a  stage  of  seg- 
mentation, though  different  enough  from  what  is  usually 
found  in  other  animals,  certainly  cannot  be  considered  ab- 
normal as  in  80  many  other  cases,  in  which  irregularities 
of  segmentation  are  the  first  and  certain  sign  that  the  egg 
is  under  unfavorable  conditions  and  is  about  to  break  up 
before  having  attained  any  considerable  development;  it 
appears,  on  the  contrary,  certain  that  in  these  worms  this 
phase,  though  departing  from  the  general  rule,  leads  on  to  a 
healthy  development.  But  the  division  into  three  blasto- 
meres  does  not  occur  in  all  the  eggs  of  L.  trapezoideSj  and  is 
not  indispensable  to  the  regular  progress  of  development. 
Sometimes  it  happens  that  the  first  two  blastomeres  each 
produces  at  the  same  time  a  new  cell,  so  that  four  imme- 
diately succeed  two.  The  process  of  segmentation  then 
proceeds  in  the  following  peculiar  manner: — In  the  midst 
of  the  protoplasm  an  accumulation  of  fine  granules  appears, 
which  is  easily  distinguished  as  a  dark  spot ;  this  aggrega- 
tion of  the  more  solid  parts  of  the  protoplasm,  which,  how- 
ever«  has  not  distinct  limits,  increases  gradually  in  size  and 
at  the  same  time  approaches  the  surface  of  the  segment.  It 
is  advisable  to  state  that  this  concentration  is  not  to  be  con- 
founded with  the  phenomena  which  prepare  and  accompany 
the  first  formation  of  nuclei ;  the  nucleus  appears  later  in 
the  centre  of  the  mass  described  above.  The  mass,  as  soon 
as  it  has  arrived  at  the  surface,  raises  itself  above  the  level 
of  the  surrounding  protoplasm  in  the  form  of  a  slightly 
projecting  cone ;  then,  by  a  narrowing  of  its  base,  it  sepa- 
rates from  the  mother-cell  and  a  new  blastomere  is  formed. 

This  observation  agrees  in  nearly  all  particulars  with  that 
of  Kowalewsky  on  the  formation  of  the  small  segments  in 
the  egg  of  Etcaxes.^ 

The  two  blastomeres  of  the  second  generation  remain  very 
much  smaller  than  the^^first ;  at  first  situated  symmetrically 
with  regard  to  the  long  axis  of  the  egg,  they  then  approach  one 
another,  advancing  towards  the  median  line,  and  at  the  same 

^  *' Embryologische  Studien  an  Wiirmem  and  Arthropoden,"  'M6m. 
Acad.,  St.  Petersbourg/  1871.    Tab.  vi,  fig.  3. 
»  *  Zeit.  fiir  Wiss.  Zool./  T.  18, 1868. 

*  Log.  cit.,  Tab.  i,  fig.  6. 

*  "Beitrage  sur  Kentniss  der  Entwicklangsgeschiehte  derChfotopoden,'* 
«  Zeit.  fur  Wiss.  Zool.,'  1869,  T.  19,  Tab.  xu,  fig.  1,  d. 

*  Loo.  cit,  pp.  13,  U. 
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time  two  other  small  cells  separate  themselves  from  the  first 
blastomeres ;  the  egg  consists  of  six  segments^  two  large  and 
four  small.  A  short  time  later  two  more  cells  are  added  to 
the  last^  and  in  this  manner  a  little  plate  of  smaM fattened 
cells  is  formed^  which,  resting  upon  the  top  of  the  two  large 
blastomeres,  covers  like  a  roof  the  gradually  widening  furrow 
which  separates  them  (PL  IX,  fig.  1.) 

Such  a  stage  of  segmentation  is  much  like  one 
already  described  in  the  development  of  Nephelis,  with  the 
difference,  however,  that  this,  finstead  of  two,  possesses 
three  large  cells,  covered  in  part  by  a  layer  of  smaller  cells. 
But  there  is  a  still  more  important  difference:  while  in 
Nephelis  the  large  blastomeres  remain  for  a  long  time  un- 
altered, those  of  Lumhricus  soon  divide  repeatedly,  and 
become  blended  with  the  general  embryonic  mass.  At  first 
they  separate  from  one  another,  leaving  in  the  middle  a  wide 
and  deep  space,  one  side  of  which  is  closed  by  the  curved 
plate  of  small  cells,  whilst  the  other  presents  a  somewhat 
restricted  aperture  opening  into  the  cavity  of  the  capsule. 
Now  the  two  large  blastomeres  each  divide  contempora- 
neously into  two,  and  at  the  same  time  some  of  the  small 
blastomeres  tend  towards  the  centre,  interposing  themselves 
between  the  four  large  ones.  After  repeated  divisions,  which 
influence  the  large  as  well  as  the  small  blastomeres,  the  egg 
assumes  a  very  characteristic  appearance ;  there  are  in  all 
sixteen  blastomeres,  and  if  sometimes  there  is  one  more  or 
less  it  is  always  one  of  the  small  ones. 

Of  the  six  large  blastomeres  three  are  grouped  round  the 
aperture  of  the  segmentation  cavity,  which  they  have  closed 
or  reduced  to  a  narrow  slit;  above  and  alternating  with 
these  are  the  three  others,  but  these  do  not  touch  each  other, 
being  separated  by  means  of  three  small  blastomeres,  which 
are  placed  like  wedges  between  them.  The  ring  thus  formed 
of  three  large  and  three  small  blastomeres  embraces  the  seg- 
mentation cavity,  and  is  covered  above  by  a  thin  roof  com- 
posed of  five  or  six  small  blastomeres.  Unfortunately  such 
clear  arrangements  are  of  too  short  duration  in  the  first  days 
of  development  of  the  animal  under  consideration.  Very 
soon  it  comes  to  pass  that  by  the  multiplication,  as  well  of 
the  large  as  of  the  small  blastomeres,  the  differences  in  size 
between  them  presently  disappear,  and,  further,  the  intro- 
duction of  the  small  blastomeres  between  the  ofi^spring  of  the 
large  ones,  contributes  to  the  destruction  of  the  above-men- 
tioned order. 

For  a  time  some  of  the  first  blastomeres  remain  upon  the 
surface  external  to  the  others,  but  when  these  also  are  dis- 
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placed  towards  the  centre  we  have  a  new  form  of  the  e^g, 
which  no  longer  shows  any  trace  of  the  arrangement  which 
preceded  it.  It  is  now  a  little  spherical  bladder,  sometimes, 
as  far  as  can  be  seen,  perfectly  closed ;  sometimes  furnished 
with  a  small  opening,  whose  walls  consist  of  a  single  layer 
of  cells,  which  vary  considerably  in  length.  About  one  pole 
the  cells  are  longer  than  they  are  broad,  while  at  the  oppo- 
site pole  the  wall  of  the  segmentation  cavity  is  composed  of 
a  series  of  cells,  whose  length  is  half  that  of  the  others  or 
less.  There  is  not,  however,  a  distinct  boundary  between 
these  two  kinds  of  cells  ;  they  rather  pass  the  one  into  the 
other  by  numerous  gradations.  There  is  not  even  a  differ- 
ence in  the  protoplasm;  in  all  it  is  uniform  and  finely 
granular,  since  the  reticular  arrangement  of  the  protoplasm 
of  the  egg  and  primary  blastomeres  has  already  disappeared 
some  time ;  each  cell  now  nearly  always  contains  a  very  dis- 
tinct nucleus,  whose  volume  varies  with  that  of  the  cell. 
The  egg  in  this  manner  is  transformed  into  a  germinal 
bladder,  consisting  of  a  single  layer  of  cells  of  different 
length,  surrounding  a  somewhat  large  eccentric  cavity,  which 
opens — if  not  always,  certainly  in  some  cases— by  a  narrow 
opening  (PI.  IX,  fig.  2). 

After  this  the  reproductive  activity  is  most  marked  in  the 
fiat  cells  at  one  pole  of  the  egg;  they  increase  in  number, 
become  longer  and  push  into  the  segmentation  cavity,  pushing 
through  its  aperture  or  making  their  way  between 
the  neighbouring  loosely  connected  cells.  But  at  the  other 
pole  small  cells  detach  themselves  from  the  central  extremi- 
ties of  the  long  blastomeres ;  in  this  manner  the  segmentation 
cavity,  restricted  on  all  sides,  disappears,  and  the  egg  becomes 
a  solid  and  compact  multicellular  sphere. 

I  shall,  perhaps,  have  wearied  the  reader  with  the  minute 
description  of  the  succession  of  changes,  which,  nevertheless 
Kl  still  remains  somewhat  pfnintelligible  in  consequence  of  the 
scarcity  of  illustrations.  But  the  importance  of  the  argu- 
ment and  the  divergence  existing  between  my  results  and 
those  of  such  an  excellent  observer  as  Kowalewsky,  must  be 
my  excuse  for  the  detailed  nature  of  the  account  I  have 
given.  According  to  the  author  above  cited,  the  first  phases 
of  development  in  L.  agricola  are  very  simple  and  regular. 
The  segmentation  produces,  almost  from  the  first  cells  of 
of  equal  size,  and  a  disc-shaped  body  is  formed,  which  be- 
comes divided  by  a  fissure,  representing  the  segmentation 
cavity,  into  two  lamin®,  each  consisting  of  a  single  layer  of 
cells;  these  soon  become  distinguishable  by  the  nature  of 
their  protoplasm,     The  circumference  then  raising  itself 
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above  the  lamina  of  clear  cells^  the  disc  assumes  the  form  of 
a  cup,  which  by  the  narrowing  of  its  mouth  becomes  gradu- 
ally a  typical  blastodermic  bladder,  that  is,  a  double-walled 
sac,  whose  outer  wall  represents  the  ectoderm,  while  the 
internal  gives  rise  to  the  epithelium  of  the  mid  gut  with  its 
glandular  appendages.  On  comparing  this  with  my  descrip- 
tion of  the  changes  during  the  corresponding  period  of 
development  of  X.  trapezoides,  considerable  differences  will 
be  noticed.  I  do  not  believe  that  essential  errors  can  have 
occurred  on  either  side ;  there  must  be  a  real  difference  in  the 
facts  observed,  and  this  is,  in  part  at  least,  explained  by  the 
peculiarities  of  the  later  development  of  L,  trapezoides  to  be 
now  described. 

Immediately  after  its  formation  the  germinative  sphere 
does  not  show  a  well-determined  arrangement  of  the  cells, 
though  there  are  differences  in  size  between  them.  With 
regard  to  the  quality  of  the  protoplasm  it  is  the  same  in  all 
the  cells.  But  after  some  time  a  grouping  of  the  cells  into 
distinct  layers  begins,  which  leads  to  the  formation  of  the 
germinal  layers.  The  peripheral  cells  about  one  of  the 
poles  multiply  and  become  flatter,  but  it  is  to  be  noticed  that 
two  of  them — those  situated  at  the  most  prominent  point- 
do  not  take  part  in  this,  but,  on  the  contrary,  increase  in 
size,  and  attain  a  considerable  length;  these  cells  then 
become  covered  by  the  small  peripheral  cells,  and  pushed 
towards  the  centre  (PL  IX,  fig.  S,om.).  In  the  inside, 
upon  these  large  cells,  which  I  shall  call  mesoblastic,  rests 
a  layer  of  small  and  flattened  cells  (en),  and  at  their  sides 
are  already  distinguishable  a  small  number  of  very  thin 
flatter-shaped  cells  (mes) ;  these  cells  are  closely  united 
together  and  arranged  in  two  rows,  which  are  directed  from 
the  sides  of  the  cells  (cm)  towards  the  opposite  pole,  where 
they  meet  the  remains  of  the  embryoplastic  material,  consist- 
ing of  a  layer  of  large  and  still  undifferentiated  cells.  Thus, 
the  constitution  of  the  laminee  of  the  germinal  layers  is  in 
part  marked  out;  the  flat  peripheral  cells  (ec)  form  the 
external  layer  (ectoderm),  those  collected  in  the  interior 
produce  the  internal  layer  (ended erm),  and  the  few  cells 
grouped  in  two  lateral  columns  {mes)  are  the  first  rudiment 
of  the  middle  layer  (mesoderm) ;  all  the  large  cells  occupy- 
ing the  other  hemisphere  undergo  further  changes,  tending 
to  produce  an  arrangement  completely  corresponding  with 
that  just  described.  But  before  this  occurs  a  division  of  the 
germ  into  two  hemispheres  always  becomes  evident.  While 
the  egg  is  elongating  in  one  diameter  a  transverse  furrow 
appears  h^lf  way  between  the  two  extremities ;  it  does  not^ 
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however,  extend  round  the  whole  circumference,  but  is 
present  on  one  side  only.  This  furrow,  deepening  itself, 
either  by  the  elevation  of  its  borders  or  because  the  cells 
lining  its  floor  force  themselves  into  the  lateral  elevations, 
divides  the  germ  nearly  completely  into  two  halves,  which  are 
joined  only  by  a  series  of  enlarged  ectoderm  cells.  The 
process  of  the  development  of  the  transverse  fissure  goes 
on  simultaneously  with  the  differentiation  of  the  cells  of  the 
hitherto  inactive  hemisphere. 

To  explain  better  the  entire  process  I  will  describe 
figures  4,  6,  and  7  of  PI.  IX.  Comparing  fig.  4  with  fig.  8, 
which  represent  two  stages  very  near  together,  the  elonga- 
tion of  the  diameter  which  passes  through  the  poles  of 
the  egg  will  be  noticed,  transforming  it  from  a  sphere  to  an 
ovoid  ;  at  one  extremity  the  arrangement  of  the  cells  remains 
exactly  as  it  was  in  fig.  3,'  but  in  the  middle  the  mass  of 
cells  is  divided  by  a  larger  fissure,  which  represents  the 
bottom  of  the  transverse  furrow ;  to  the  right  of  this  is  seen, 
instead  of  the  simple  layer  of  large  cells  of  fig.  3,  two 
very  distinct  groups  of  cells,  one  peripheral,  of  nearly  cylin- 
drical cells,  and  a  mass  of  polygonal  cells  in  the  interior, 
which  forms  part  of  the  wall  of  the  furrow. 

In  fig.  6,  which  appears  a  little  less  complicated  in  detail 
only  because  the  plane  of  the  optical  section  does  not  pass 
through  the  rudiments  of  the  middle  layer,  which  are,  how- 
ever, easily  recognisable  in  the  preparation,  the  division 
into  two  halves  of  like  structure  may  already  be  distinctly 
seen,  though  that  on  the  right  hand  is  still  a  little  behind 
the  other  in  development,  not  having  the  endoderm  well 
defined.  Of  the  two  mesoblast  cells  on  this  side  one  only 
is  represented,  because  the  other  is  hidden  by  it.  In  the 
middle,  between  the  two  hemispheres,  are  to  be  noticed  two 
large,  transversely  elongated  cells,  distinguished  by  the 
clearness  of  their  protoplasm,  which  form  a  kind  of  ligament 
between  the  two  halves. 

Fig.  7  shows  the  egg  distinctly  divided  into  two  halves  of 
very  similar  structure,  joined  together  not  very  closely  by  a 
median  cord  of  large  cells  containing  large  nuclei. 

While  the  transverse  furrow  deepens  the  entire  egg 
changes  its  form  and  becomes  kidney-  or  bean-shaped,  and 
then  the  free  margins  of  the  groove  arch  inwards  and 
approach  one  another  in  such  a  way  as  to  narrow  con- 
siderably the  entrance.  The  bottom  enlarges  in  the  direction 
of  the  extremities  and  excavates  the  inside  of  each  of  the 
hemispheres,  pushing  the  cellular  layer  {en)  towards  the 
inside.     In  other  words,  the  endoderm  becomes  invaginatedi 
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beginning  at  the  lateral  margins  of  the  furrow  in  both  the 
hemispheres^  which  are  thus  transformed  into  sacs  with 
double  walls.  This  form  of  the  embryo  is  represented  in 
profile  in  fig.  8,  and  in  front  view  of  fig.  9,  where  the 
relations  just  described  can  be  easily  made  out.  Each  of 
the  compartments  encloses  a  cavity  (cd),  which  communi- 
cates with  a  common  space  opening  to  the  exterior  by  a 
fissure^  already  much  contracted^  in  fig.  9.  The  walls  of 
each  compartment  consist  everywhere  of  two  or  more  layers 
of  cells,  a  very  distinct  ectoderm  (ec)  and  an  endoderm  (en) ; 
besides  this,  there  are  at  the  opposite  extremities  of  each 
two  mesoblast  cells  (em)  aa4  two  rows  of  flattened  cells 
(mes).  Each  of  the  lateral  cavities  (cd)  will  form  the 
digestive  cavity  of  an  individual,  their  openings  into  the 
common  groove  will  each  become  a  mouth,  and  the  single 
egg  will  produce  two  worms.  To  come  to  the  end  at  once  I 
will  explain  the  manner  in  which  the  perfect  separation  into 
two  individuals  is  accomplished.  It  is  very  simple;  each 
embryo  rotates  about  the  axis  of  the  uniting  cord  towards 
the  side  opposite  the  common  aperture,  and  turns  at  the 
same  time  a  little  on  its  own  long  axis,  but  in  the  opposite 
direction  to  the  movement  of  the  other;  from  the  first 
movement  results  the  enlargement  of  the  aperture  and  of 
the  common  cavity,  which  leads  to  their  complete  separation 
and  the  approximation  of  the  sides  of  the  two  embryos, 
united  by  the  median  cord  in  such  a  way  as  to  leave  them 
nearly  parallel  with  one  another. 

The  second  rotation  produces  a  want  of  symmetry  between 
the  planes  of  the  longitudinal  sections ;  that  is  to  say,  the 
corresponding  meridians  of  the  two  embryos  intersect  nearly 
at  a  right  angle.  The  point  where  the  uniting  cord  holds 
together  the  two  embryos  corresponds  to  their  necks,  since  it 
is  between  the  cord  and  the  oral  apertures  (which  are  now 
much  restricted  and  converted  into  narrow  canals)  that  the 
two  cephalic  lobes  take  their  origin.    ^  '^  i  «- 

In  this  union  the  two  embryos,  forming  a  rather  monstrous 
twin  organism,  remain  for  some  time,  growing',  and  develop- 
ing and  completing  their  internal  organisation,  turning 
gently  in  the  albumen,  without  at  all  impeding  one  another, 
by  the  concordant  action  of  their  vibratile  cilia,  which  have 
been  some  time  developed.  But  little  by  little  the  commis- 
sure relaxes  to  such  a  degree  that  the  least  pull  is  enough  to 
break  it,  a  circumstance  which  can  hardly  fail  to  occur  when 
the  contractions  of  the  bodies  of  the  embryos  begin.  It 
thus  happens  that  the  Siamese  twins  dissolve  their  too  close 
relationshipi  which  bad  probably  become  a  nuisance  to  each 
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of  them^  and  abandoning  each  other  rove  at  their  leisure 
through  the  albumen.  But  affairs  do  not  always  go  on 
smoothly.  There  are  cases,  not  at  alljrare,  in  which  this 
strange  mode  of  development  leads  to  true  monstrosity ;  this 
happens  when  the  uniting  cord  does  not  relax  in  time  to  be 
able  to  be  broken,  or  when  it  extends  to  an  abnormal  amount. 
In  fact,  among  perfectly  developed  worms  already  hatched 
double  monsters  are  met  with  in  all  grades  of  concrescence 
(more  or  less  perfect),  from  those  that  are  so  firmly  united 
along  the  whole  extent  of  the  body  that  it  is  impossible  to 
separate  them  without  breaking  them  to  pieces,  to  others 
which  are  hatched  coupled  together,  but  only  by  so  thin  and 
frail  a  ligament  that  they  yet  succeed  in  effecting  their  sepa- 
ration, although  it  may  be  at  a  comparatively  late  period. 
All,  however,  have  two  heads  and  two  tails,  two  mouths  and 
two  ani,  well  separated ;  it  appears  also  that  the  junction 
never  extends  to  any  internal  organ,  but  always  remains  con- 
fined to  the  epithelial  layer  of  the  body-wall. 

The  above-described  mode  of  formation  of  the  twin 
embryos  is  realised  in  the  great  majority  of  cases,  but  not 
seldom  embryos  are  found  in  other  conditions,  differing  chiefly 
with  regard  to  the  age  at  which  the  twins  are  produced.  We 
have  seen  above  how  the  differentiation  of  the  layers  of  the 
blastoderm  begins  at  one  pole  while  the  embryoplastic  mate* 
rial  of  the  other  hemisphere  is  still  in  an  undifferentiated 
state,  but  yet  that  this  inequality  disappears  very  soon. 
There  are,  nowever,  cases  in  which  a  single  embryo  attains 
a  considerable  development  before  the  first  rudiment  of  its 
companion  is  formed.  I  have  represented  one  of  them  in 
fig.  5 ;  it  is  to  be  understood  that  this  is  much  further  de- 
veloped than  fig.  4.  The  endoderm  has  already  its  peculiar 
appearance  and  forms  a  closed  sac ;  the  germinal  streaks  are 
very  distinct,  although  the  example  lacked  any  sign  of  a 
second  embryo  if  the  large  cells,  which  are  obviously  identical 
with  those  of  the  uniting  ligament,  do  not  indicate  that  a 
second  individual  may  yet  grow  out.  In  fig.  10  is  seen  a 
much  more  advanced  embryo,  in  which,  above  the  opening 
of  the  mouth,  a  small  cellular  excrescence  {x)  of  a  rather 
irregular  form  appears,  which  passes  without  interruption 
into  the  germinal  streaks,  and  is  the  rudiment  of  the  second 
embryo.  I  have  found  also  much  further  developed  embryos, 
which  produced  similar  buds  on  the  margins  of  their  mouths. 
On  the  other  hand,  I  believe  the  case  to  be  most  rare  of  an 
egg  giving  rise  to  only  one  embryo,  or  rather,  I  should  say,  I 
have  never  ascertained  the  existence  of  such  a  case.  It  is 
quite  true  that  sometimes  a  single  worm  escapes  from  a  cap- 
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sule,  but  then  nearly  always  the  remains  of  its  companion 
are  found. 

This  mode  of  reproduction  appears  to  me  worthy  of  some 
remark,  although  it  is  not  my  intention  to  enter  here  into  a 
discussion  of  the  known  facts  of  development  of  other 
animals  which  might  be  compared  with  it.  Apparently  in 
our  case  there  is  not  a  succession  of  individuals,  in  which 
only  the  first  owes  its  existence  to  .the  co-operation  of  the 
sexual  elements,  while  the  other  takes  its  origin  from  it  by 
agamic  generation ;  from  the  egg  of  L,  trapezoides  two  in- 
dividuals arise  directly  and  essentially  independently  of  one 
another.  In  the  cases  described  last,  in  which  a  well-de- 
veloped embryo  produces  the  rudiment  of  the  other,  the 
second  should  be  considered  to  be  a  bud,  but  such  a  case  is 
abnormal ;  regularly,  the  second  embryo,  although  formed  a 
little  later,  and  in  connection  with  the  other,  does  not  de- 
velop from  the  embryoplastic  material  employed  in  the 
formation  of  the  first,  but  from  a  portion  of  the  blastomeres 
derived  directly  from  the  segmentation  which  remains  intact 
until  it  becomes  an  independent  formative  centre. 

To  interpret  the  division  of  the  embryoplastic  material  as 
the  expression  of  a  fission  that  happened  at  first  in  the  adult 
animal  and  then,  in  the  course  of  generations,  became  put 
back  by  the  help  of  natural  selection  to  the  beginning  of 
development,  would  be  to  make  a  very  arbitrary  and  little 
satisfactory  hypothesis,  which  also  would  be  in  antagonism 
with  the  knowledge  that  we  have  of  the  fission  and  germina- 
tion of  the  annelids.  As  far  as  we  know,  this  process  takes 
place  regularly  in  the  posterior  part  of  the  body  (not  at  the 
head  end),  and  this  is  not  merely  an  empirical  law,  but  is 
explained  by  the  fact  that  in  many  annelids  the  posterior 
extremity  retains  during  life  distinctly  embryonic  characters. 
Hence  there  is  no  more  probable  explanation  of  the  double- 
ness  of  the  embryos  than  what  can  be  found  in  the  original 
internal  arrangement  of  the  fecundated  egg,  a  thing  which 
is  not  so  strange,  since  the  experiments  of  Haeckel  on  the 
Siphonophorse  ^  have  shown  the  possibility  of  multiplying 
the  number  of  embryos  by  artificial  division  of  the  first  mass 
of  blastomeres.  Nevertheless,  the  case  we  have  before  us 
appears  to  be  without  analogy  in  the  development  of  other 
animals. 

Todaro  established,  three  years  ago,  that  the  individuals 
of  the  compound  stock  of  Salpa  are  to  be  considered,  not  as 
children,  but  as  younger  brothers  of  the  solitary  stock ;  how 

^  '  Zor  Bntwiokelungsgeschiohte  der  Siphonophoren.'  Utrecht,  1869, 
p.  78. 
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great  soever  may  be  the  difference  between  the  mode  of  pro- 
duction and  the  anatomical  and  physiological  relations  of  the 
two  alternate  generations  of  Salpa  and  the  gemelliparous  de- 
velopment of  Lumhricus  trapezoides,  it  is  not  possible  to  fail 
to  see  the  same  principle  ruling  in  both  these  forms  of  de- 
velopment, Todaro  was  led  to  the  conclusion  that  the 
explanation  of  the  phenomenon  is  to  be  sought  in  the  earliest 
steps  of  the  process  of  sexual  reproduction/ 

The  following  considerations  may^  perhaps^  suggest  a 
means^  a  little  difficulty  however^  in  tne  application^  for 
solving  the  question  definitely.  The  important  labours  of 
Fol '  and  of  Hertwig '  have  rendered  it  very  probable  that 
not  only  is  the  introduction  of  a  single  spermatozoon  into 
the  protoplasm  sufficient  to  establish  an  orderly  and  efficient 
generative  movement^  but  that  the  presence  of  more  sperma- 
tozoa, instead  of  assisting  the  development,  occasions  a 
serious  disturbance  of  the  order  of  the  molecular  arrange- 
ments, producing  a  number  of  centres  of  activity,  and  thus 
leading  to  an  irregular  segmentation,  and  at  last  to  the  com- 
plete destruction  of  the  embryoplastic  material.  Now,  the 
thought  naturally  presents  itself,  that  in  some  cas^the  action  s/ 
of  two  spermatozoa  introduced  into  an  egg  of  great  vitality, 
regulated  by  means  of  special  dispositions,  might  augment 
instead  of  turning  aside  and  paralysing  the  productive  force 
of  the  egg,  inducing  in  it  a  transformation  not,  as  is  usual, 
into  one,  but  into  two  perfect  embryos,  and  this  might  be 
the  case  in  Lumbrtcus  trapezoides. 

The  fact  that  each  capsule  of  X.  trapezoides  produces  two 
worms  was  known  to  Dugis,*  who  also  observed  and  figured 
a  double  monster ;  and  Ratzel  and  Warschawsky  describe  a 
like  abnormality  in  L.  agricola.  It  is  a  pity  that  the  descrip- 
tion which  these  authors  give  of  the  first  stages  of  develop- 
ment is  too  superficial  to  allow  a  precise  conception  of  them 
to  be  made.^ 

This  double  reproduction  is  exceptional  even  in  the  single 
genus  Lumlricus.  X.  teres  follows  the  ordinary  rule,  pro- 
ducing one  embryo  from  an  egg  and  no  more  ;  the  same  holds 
good,  without  doubt,  for  L,  rubeUus. 

As  the  duplicity  of  the  embryos  has  no  influence  on  the 

^  *  Sopra  lo  sviiuppo  e  ranatomia  delle  Salpe.'  Roma,  1875,  p.  68,  of. 
Hatschek  »'0n  Pedicellina,"  •  Zeit.  fur  Wiss.  Zool.,*  T.  xxix,  p.  530. 

<  'Sur  le  commenc^meDt  de  rb^nog^nie/    Gkn^ve,  1877,  p.  35. 

»  '  Morphologisches  Jahrbuch,'  T.  N.,  1878,  p.  172. 

«  '  Annales  des  Sciences  Naturelles,*  T.  zv,  1838,  pp.  331—332. 

*  Loo.  dt.  The  processes  described  in  this  work  as  the  first  phenomena 
of  development  belong,  u  Kowalewskj  has  justly  observed,  only  to  the 
degeneration  of  the  non^fecundated  eggs* 
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internal  development^  I  shall  take  no  more  notice  of  it  and 
I  shall  treat  of  each  embryo  without  heeding  its  companion. 
We  left  the  embryo  in  the  form  of  a  depressed  globe,  now  it 
is  lengthened  in  its  antero-posterior  diameter,  and  a  little 
compressed  on  the  dorsal  and  ventral  surfaces,  and  hence  has 
the  shape  of  an  oval  lens.  The  central  cavity  enlarges  be- 
cause it  begins  to  suck  In  to  itself  part  of  the  albumen  in 
which  the  embryo  swims.  This  nutritive  substance  does  not 
become  employed  and  transformed  immediately  into  the 
growing  tissues,  but,  drawing  itself  together,  forms  a  large 
and  dense  mass,  which  nearly  completely  fills  the  space. 
The  mouth,  although  it  serves  as  a  passage  for  the  introduc- 
tion of  the  albumen,  becomes  diminished  to  a  very  fine  canal, 
which  pierces  the  body-wall  obliquely  from  below  upwards. 
Sometimes  it  shuts  completely,  and  then,  being  without  the 
means  of  absorbing  the  albumen,  the  embryo  remains  very 
small  and  the  lumen  of  the  canal  disappears,  its  walls  ap- 
proaching each  other  till  they  touch.  Notwithstanding  this, 
all  the  tissues  develop  regularly  and  arrive  at  perfection,  if 
in  the  subsequent  changes  the  mouth  reopens. 

The  Oerminal  Layers  and  the  Oerminal  Streaks. 

The  way  in  which  the  blastomeres  of  one  hemisphere  be- 
come arranged  in  distinct  layers,  while  the  common  rudiment 
of  the  two  embryos  is  still  a  solid  sphere,  has  been  described 
above.  The  ectoderm  {ec  in  all  the  figures)  becomes  defined 
by  the  separation  of  a  single  layer  of  cells  around  a  solid 
central  mass.  Its  cells  from  the  first  are  cylindrical,  with 
rather  dense  protoplasm,  containing  a  great  number  of  very 
fine  granules.  As  the  embryo  increases  in  size  the  cells 
multiply  and,  losing  their  cylindrical  form,  become  trans- 
formed into  very  broad  and  thin  plates,  which  cover,  as  a 
single  layer,  the  whole  body  of  the  embryo.  In  the  middle 
line  of  the  ventral  surface  a  double  or  treble  row  of  these 
cells,  stretching  from  the  aboral  pole  to  the  mouth,  developes 
a  great  number  of  vibratile  cilia,  which  produce  by  their 
movements  the  continual  gentle  rotation  of  the  embryo  about 
its  transverse  axis. 

The  formation  of  the  endoderm  {en)  is  not  so  simple  and 
easily  explained.  It  appears  possible,  even  probable,  that 
when  the  germinal  bladder  (fig.  2)  becomes  solid  some  of 
the  lower  and  smaller  cells  of  one  pole  enter  into  the 
segmentation  cavity ;  but,  on  the  other  hand,  there  is  no 
doubt  that  other  cells,  which  participate  in  the  formation  of 
the  inner  layer,  separate  themselves  from  the  central  ends  of 
the  long  cells  surrounding  one  side  of  the  segmentation 


Digiti 


zed  by  Google 


THB  DEVELOPMENT  OF  THE  EARTH-WORM.  221 

Cavity  (figs.  S,  4,  6,  7,  en).  It  is  certain,  then,  that  before 
the  hollowing  of  the  embryo  by  an  invagination,  which 
produces  the  digestive  cavity  and  the  mouth,  the  layer 
which  is  to  become  the  endoderm  is  already  easily  recognis- 
able. At  that  time,  however,  the  aspect  of  all  the  cells  is 
still  uniform,  but  when  the  invagination  begins,  a  peculiar 
change  occurs  in  the  endoderm  cells.  They  increase  much  in 
length,  and  become  prismatic ;  their  nuclei  approach  the 
extremities  and  project  freely  into  the  digestive  cavity ;  the 
protoplasm  becomes  soft  and  filled  with  numerous  albu- 
minous corpuscles,  a  sure  sign  of  the  active  nutritive  changes 
going  on  in  it.  In  this  stage  the  endoderm  cells,  which 
never  bear  vibratile  cillia,  do  not  cover  the  digestive  cavity 
alone,  but  also  line  the  buccal  canal  as  far  as  its  external 
opening  (figs.  8  and  10). 

Mention  has  already  been  made  of  two  cells  of  the  peri- 
pheral layer,  which  become  pushed  into  the  interior,  and 
then  covered  by  the  flat  cells  of  the  ectoderm.  This  happens 
near  the  aboral  pole  on  the  side  which  afterwards  becomes 
dorsal.  They  are  very  easily  recognised  when  their  external 
surfaces  still  project  freely  on  the  surface  by  their  size  and 
by  their  rather  more  dense  protoplasm,  and  in  the  figs.  3 
and  4  (cm)  the  way  in  which  they  become  gradually 
covered  with  flattened  cells,  which  extend  from  all  sides 
towards  a  point  of  union,  is  seen.  In  figs.  6,  7,  8,  9,-««,  ^^*^/ 
they  are  completely  covered  and  have  moved  further  in- 
wards. Their  longitudinal  section  is  wedge-shaped,  with 
the  thin  end  divested  towards  the  periphery,  and  the  base  r^c^ 
bordering  upon  the  layer  of  endoderm.  They  each  contain 
a  large  spherical  nucleus. 

At  the  sides  of  each  of  these  cells,  between  them  and  the 
ectoderm,  appear  very  soon  two  or  three  small,  very  thin, 
disc-shaped  cells  placed  one  upon  the  other,  with  their  bases 
firmly  adherent  (figs.  3,  4,  mes.)  These  cells,  increasing 
rapidly  in  number,  group  themselves  in  two  rows  or  cords, 
which,  starting  from  the  mesoblasts,  are  directed  immediately 
towards  the  opposite  edges  of  the  lentiform  body,  where 
they  turn  up  to  join  the  oral  extremity  (figs.  6,  8,  9,  10, 
11a,  lib,  mes).  They  thus  together  make  a  nearly  complete 
circle,  interupted  only  behind  by  the  two  interpolated  meso- 
blast  cells,  and  in  front  by  the  mouth ;  they  do  not  remain 
long  in  this  state,  but  first  widen  and  then  become  thicker, 
being  now  composed  of  two,  three,  or  more  rows  of  cells, 
placed  side  by  side,  and  of  as  many  layers  placed  one  upon 
the  other  (figs.  11a,  12,  13).  These  cellular  arches  are  the 
rudiments  of  the  mesoderm. 

VOL.  XIX. NEW  SBR.  P 
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Now,  what  is  the  origin  of  the  cells  of  the  mesoderm  ? 
According  to  Kowalewsky,  the  two  large  cells  produce  the 
middle  layer  in  L.  rubellus,  while  in  L.  agricola^  where 
such  cells  do  not  exist,  the  well-developed  endoderm  pro- 
bably furnishes  the  material  for  the  formation  of  the  meso- 
derm. In  Euaxes  the  middle  layer  is  derived  directly 
from  the  division  of  the  four  first  blastomeres.^  Hatschek 
affirms  still  more  decisively  that  in  L,  rubelltcs  the  mesoderm 
is  derived  from  the  two  large  cells.' 

There  is  no  doubt  that  the  mesodermic  arches  begin  with 
the  appearance  of  the  few  small  cells  at  the  sides  of  the 
mesoblast  cells,  and  that  their  development  proceeds  from  here 
towards  the  opposite  extremity;  this  is  certainly  a  remarkable 
fact,  but  is  it  enough  to  enable  us  to  decide  the  part  which 
the  large  cells  play  in  the  formation  of  the  mesoderm  ?  I 
have  not  met  with  states  of  incomplete  division  in  the  latter, 
but  very  little  value  can  be  attributed  to  such  a  negative 
result,  especially  because  it  is  matter  of  general  experience 
that,  in  rapidly  grovnng  tissues,  cells  in  which  the  process  of 
division  has  really  begun  without  being  completed  are  rarely 
observed.  This  fact  may  be  explained  by  the  rapidity  of  the 
process  of  fission,  after  the  previous  internal  changes  have 
been  effected.  But  the  observation  that  the  large  cells  retain 
their  volume  apparently  unaltered  from  the  beginning  to  the 
end  of  the  embryonic  life  may  raise  more  serious  doubts  as 
to  their  reproductive  activity. 

At  least  I  have  not  been  able  to  make  sure  of  the  exist- 
ence of  oscillations  in  the  size  of  the  large  cells  which  would 
have  justified  the  supposition  that  they  deprived  themselves 
of  a  portion  of  their  substance  to  give  rise  to  the  cells  of 
the  mesoderm.  Kowalewsky  represents  a  stage  in  which 
each  of  the  large  cells  is  divided  into  three  smaller  ones  of 
nearly  equal  size.^  In  L.  trapezoides  this  never  happens ;  on 
the  contrary,  the  cells  of  the  mesoderm,  which  are  in 
contact  with  the  large  cells,  are  always  among  the  smallest 
and  most  compressed.  Notwithstanding  all  this  I  am  also 
of  opinion  that  there  must  be  a  production  of  new  cells 
from  the  two  large  ones,  solely  because  they  show  very 
often  the  phenomena  which  may  be  considered  with  great 
probability  as  a  necessary  preparation  antecedent  to  the 
formation  of  new  cells.  In  this  case  the  mode  of  reproduce 
\i I  tion  would  be  what  is  ordina^  called  gemmation;  cells 
'  greatly  inferior  in  size  to  the  mother-cell  would  separate 
themselves  from  a  point  of  the  surface,  and  the  mother-cell 

'  Loc.  dt.,  pp.  16,  23,  29. 

«  *  Zeit.  fiir  Wiss.  Zool./  T.  xxix,  1877,  p.  545. 

^  Loc.  cit.»  pi.  vi,  fig.  14. 
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would  regain  almost  immediately  its  ori^aal  volume^  by  the 
aid  of  an  extraordinarily  energetic  nutritive  change.  Now^ 
the  cells  produced  in  such  a  way  from  the  large  ones  cer- 
tainly would  not  be  placed  eliewhere  than  in  the  mesoderm^ 
and  would  form  a  part  of  it.  I  say^  a  part^  because  another^ 
and  I  believe  the  larger  part^  certainly  has  a  different  origin. 
It  has  been  explained  above  how  the  ectoderm  cells  trans- 
form themselves  into  wide  and  flat  plates ;  this  is  true  for 
the  dorsal  and  ventral  surfaces,  but  the  cells  of  those  tracts 
of  ectoderm  which  cover  the  cords  of  mesoderm  either  keep 
their  longer  or  shorter  prismatic  or  cylindrical  shape  or 
recover  that  form  after  having  been  depressed  before  the 
mesoderm  comes  to  raise  them  (figs.  11a,  lib,  12,  18,  ecc). 

Now^  while  the  larger  number  of  the  ectoderm  cells  show 
little  activity,  and  appear  not  to  divide,  except  when  thet  ^c/ 
is  no  other  way  to  prevent  the  interruption  of  continuity  of 
the  external  covering  of  the  embryo,  those  which  cover  the 
middle  layer  are  in  a  state  of  the  most  rapid  reproduction. 
The  newly  made  cells  do  not  become  employed  in  the 
enlargement  of  the  surface,  but  losing  little  by  little  their 
connection  with  the  layer  from  whence  they  took  origin, 
they  force  themselves  inwards,  when,  they  unite  with  the  '^^^/.^ 
cells  of  the  mesoderm.  This  relation  appears  to  me  to  be 
very  easily  and  clearly  recognisable.  Sections,  especially 
transverse  ones,  show  how,  here  and  there,  the  line  of 
demarcation  between  the  ectoderm  and  mesoderm  disappears 
altogether,  while  in  other  parts  of  the  same  embryo  it  is 
very  evident.  It  is  impossible  to  decide  whether  certain 
cells  belong  to  the  external  or  to  the  middle  layer  ;  indeed, 
it  sometimes  seems  that  the  covering  of  the  two  cords  is 
folded  inwards  round  their  proximal  margins,  cells  of  the 
external  layer  in  this  manner  placing  themselves  below  the 
already  formed  elements  of  the  mesoderm.  But  the  direct 
production  of  mesoderm  cells  from  the  external  layer  lasts 
I  only  a  short  time.  With  the  progress  of  development  a  very 
distinct  demarcation  becomes  established  between  the  two 
layers,  and  the  very  important  increase  which  the  mesoderm 
henceforward  undergoes  is  produced  solely  by  the  multiplica- 
tion of  its  own  proper  cells. 

On  the  other  hand,  with  the  greatest  attention,  I  have 
not  been  able  to  discover  the  least  sign  of  the  endoderm  cells 
participating  in  the  formation  of  the  middle  layer,  and  as  in 
the  stages  under  consideration  their  relative  positions  are 
very  clear  and  distinct,  I  do  not  hesitate  to  say  that  the 
internal  layer  has  no  share  in  the  formation  of  the  mesoderm. 
But  how  can  this  be  ?  I  have  admitted,  at  least  for  a  part  of 
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the  mesoderni,  an  origin  from  the  two  large  cells,  and  these, 
according  to  Kowalewsky,  were  originally  elements  of  the 
endoderm,  from  which  they  separated  and  approached  nearer 
the  surface.  In  this  case  the  large  cells  would  merely  be 
the  part  which  unites  the  mesoderm  with  the  endoderm ; 
and  the  derivation  of  the  first  from  the  second,  though  not 
direct,  would  be  none  the  less  a  fact.  But,  as  is  indicated 
in  what  precedes,  I  am  unable  to  agree  with  the  assertions 
of  the  Russian  embryologist,  because  in  L.  trapezoides  the 
mesoblast  cells  are  distinguishable  before  the  arrangement 
of  the  embryoplastic  material  into  distinct  layers  is  recog- 
nisable ;  because  at  first  these  cells  occupy  a  position  on  the 
surface,  with  a  large  part  projecting  freely,  and,  changing 
their  position,  become  pushed  nrom  without  inwards,  instead 
of  coming  from  a  deep  layer  to  the  surface;  and,  finally, 
because  in  no  respect,  neither  in  the  quality  of  their  proto- 
plasm, nor  of  their  nucleus,  do  they  show  any  resemblance 
to  endoderm  cells.  After  this  they  should  certainly  be  con- 
sidered ectodermic  elements,  if  the  earliness  of  their  appear- 
ance, before  the  definite  foundation  of  the  layers,  did  not 
render  the  question  almost  insoluble.  Besides,  I  am  not  at 
all  convinced  that  the  affair  takes  place  in  L.  rubellus,  as 
Kowalewsky  supposes;  the  figures  which  should  bear 
witness  to  his  assertion^  do  not  persuade  me  at  all,  and 
unless  he  is  supported  by  less  equivocal  observations  I  think 
that  his  opinion  rests  on  a  very  doubtful  foundation. 

I  shall  call  the  two  cords  or  mesoderm,  together  with  the 
superposed  ectoderm,  the  "  germinal  streaks"  (Keimstreifen), 
and  shall  use  this  term  to  make  the  topographical  descrip- 
tions simpler.  In  tracing  the  true  origin  of  the  organs  it 
would  not  be  correct  to  use  it,  as  each  streak  is  composed  of 
two  layers  of  different  value,  of  which  the  lower,  the  meso- 
derm, has  precise  limits,  while  the  upper,  the  portion  of 
ectoderm  belonging  to  the  "  streak,"  is  continuous  with  the 
general  covering  of  the  body.  In  treating  of  the  original 
derivation  of  an  organ  I  shall  always  go  back  to  the  primitive 
layers. 

The  germinal  streaks,  when  they  have  reached  the  head 
end,  must  naturally  be  closely  approximated,  since  they 
extend  over  an  oval  body.  But  they  do  not  unite  at  once, 
but,  ceasing  to  progress,  they  widen  so  as  to  form  two  pro- 
jections, like  the  heads  of  nails,  at  the  sides  of  the  mouth. 
(PI.  X,  fig.  15  pp),  A  little  later,  however,  the  most 
anterior  cells  tend  from  both  sides  towards  the  median 
dorsal  line,  and  when  they  reach  it  fuse  with  those  of  the 
I  Loo.  cit.|  plate  yi|  figs.  10  and  12. 
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opposite  side;  a  semicircular  commissure  is  thus  formed^ 
situated  on  the  back  between  the  mouth  and  the  cells,  which 
unite  the  two  embryos.  Figs.  16  and  17  represent  sections 
of  the  head  end,  in  which  the  formation  of  the  commissure  of 
the  streaks  is  already  completed,  and  its  position  relatively 
to  the  surrounding  parts  is  easily  recognisable.  Fig.  16  i  is  a 
;(lkection  immediately  behind  fig.  16  a,  and  serves  to  show  the 
continuity  of  the  cephalic  arch  or  commissure  with  the  cords 
which  occupy  the  lateral  parts  of  the  body.  But  if  in  the 
first  stages  the  enlargement  of  the  streaks  is  owing  chiefly  to 
the  junction  of  cells  derived  from  the  ectoderm  with  the 
mesoderm,  this  holds  good,  above  all  for  the  formation  of  the 
commissure.  It  is  certain  that  only  a  very  few  cells  pre- 
formed in  the  mesoderm  enter  into  this ;  the  larger  part  are 
derived  directly  from  the  ectoderm,  which  thickens,  until 
three  or  four  layers  of  superimposed  cells  appear  (fig.  22  pc), 
the  deepest  of  which  then  separate  themselves  from  the  more 
superficial  to  become  blended  with  the  mesoderm  of  the 
lateral  germinal  streaks. 

Rathke  speaks  of  the  origin  of  the  cephalic  portion  of  the 
germinal  streaks  in  Ifephelis  and  Clepsine  in  such  vague 
terms  that  it  cannot  be  clearly  understood,^  and  Kowalewsky 
does  not  make  any  explicit  statements  on  this  question,  but 
he  figures  an  embryo  of  Euaxes^y  in  which  the  union  of  the 
germinal  streaks  on  the  back  is  perfectly  clear.  Lastly, 
C.  Semper,  after  having  found  a  special  germinal  streak  for 
the  formation  of  the  head  in  the  reproduction  by  fission  and 
gemmation  of  the  Naidse,  describes  also  in  Clepsine  the 
origin  of  the  cephalic  streak  from  two  lateral  thickenings, 
which  are  at  first  independent  of  each  other  and  of  the 
ventral  germinal  streaks,  and  therewith  strengthens  his 
theory  of  the  original  distinction  between  head  and  trunk. 
In  opposition  to  this  I  affirm  that  in  Lumbricus  trapezoides 
there  is  never  a  special  rudiment  for  the  preoral  ring,  but 
that  the  cephalic  lobe,  whose  subsequent  changes  are  so 
important,  is  formed  simply  by  the  union  of  the  germinal 
streaks  on  the  back. 

This  dorsal  commissure,  which  I  shall  henceforward  call 
the  cephalic  germinal  streak,  becoming  greatly  thickened, 
raises  itself  above  the^mouth  in  the  shape  of  a  semilunar 
fold  or  incomplete  ring.  After  this  the  entrance  to  the 
digestive  cavity,  which  till  now  was  a  small  fissure  some- 
times very  difficult  to  recognise,  becomes  transformed  into  a 
semicircular  fossa,  deep  at  the  dorsal  side,  where  it  is 
surrounded  by  the  projecting  cephalic  germinal  streak,  and 
>  Loc.cit.,  pp.29,  95.. 
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becoming  shallower  as  it  approaches  the  ventral  surface 
(PL  X,  fig.  22).  At  the  same  time  that  this  fossa  is  being 
excavated,  the  simple  layer  of  ectoderm  covering  the  cephalic 
germinal  streak  folds  itself  round  the  edge  of  the  projection 
and  is  reflected  into  the  buccal  fossa,  which  till  now  was 
lined  with  large  endoderm  cells  (PL  IX,  fig.  10 ;  PL  X, 
figs.  &2,  23,  24,  eo).  The  inbending  begins  at  the  dorsal 
surface,  and  extending  from  here  embraces  little  by  little  the 
sides,  and  finally  the  ventral  portion  of  the  fossa.  Thus,  the 
ingestive  canal,  which  anteriorly  represents  the  mouth,  but 
posteriorly  is  converted  into  the  oesophagus,  becomes  covered 
b^  .  ^  by  a  plaster  of  ectoderm  cells  instead  of  its  original 
endodermic  covering,  which  is  thrust  towards  the  bottom  of 
the  digestive  cavity.  The  newly  formed  epithelium  of  the 
mouth  and  of  the  oesophagus  consists  of  a  single  layer  of 
slightly  granular,  cylindrical  cells,  elongate  in  the  interior, 
but  becoming  shorter  as  they  approach  the  edge  of  the  fold, 
where  they  are  continuous  with  the  external  covering  of  the 
body.  They  soon  put  out  vibratile  cilia,  very  similar  in  form 
and  movement  to  those  already  described  on  the  ventral 
surface.  A  similar  covering  of  cilia  extends  now  also  over  a 
circle  of  the  external  ectoderm  surrounding  the  mouth. 

The  vibratile  cilia  in  the  embryo  of  Lumbricm  are  thus 
confined  to  the  tract  of  ectoderm  cells  which  is  situated  on 
the  ventral  surface  between  the  germinal  streaks,  and 
extends  from  the  mesoblast  cells  at  the  aboral  pole  to  the 
cephalic  extremity,  where  it  unites  with  the  vibratile  ring 
just  described.  This  mode  of  distribution  of  the  ciliated 
cells,  which  remains  unaltered  for  nearly  the  whole  of 
embryonic  life,  calls  to  mind  that,  not  of  the  larvae  properly 
so  called^  but  of  the  young  stages  of  many,  and  the  adult  of 
not  a  few,  Chsetopods. 

It  is  obvious  that,  as  the  germinal  streaks  lengthen,  their 
respective  positions,  as  well  as  the  general  shape  of  the 
embryo,  must  alter,  and  the  necessary  changes  take  place,  as 
is  always  the  case  in  the  mechanism  of  the  animal  body, 
according  to  the  principle  of  least  resistance*  In  fact, 
instead  of  producing  directly  the  lengthening  of  the  embryo 
(to  which,  perhaps,  the  endoderm  and  ectoderm,  which  at 
this  period  only  follow  passively  the  movements  of  the 
germinal  streaks,  would  ofier  too  much  resistance) ;  the 
streaks  seek  to  meet  the  increasing  need  of  space  by  leaving 
their  lateral  symmetrical  positions  and  placing  themselves  on 
the  convexity  of  the  ventral  surface,  about  a  radius  of 
curvature  which  constantly  becomes  smaller ;  at  the  same 
time  their  points  of  origin,  that  is  to  say,  the  two  large  cells, 
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become  moved  more  on  to  the  back  and  towards  the  oral 
extremity,  in  such  a  way  that,  in  some  sections  through  the 
posterior  portion  of  the  embryo,  the  transverse  sections  of 
the  two  streaks  are  found  at  the  lower  part^and  at  the  upper 
part  the  two  large  cells,  together  with  the  last  part  of  the 
streaks  (PL  IX,  fig.  IS).  Leaving  this  point,  on  the  dorsal 
surface,  the  germinal  streaks  descend  abruptly  downwards, 
embracing  a  somewhat  triangular  space  at  the  top  of  the 
posterior  extremity,  and,  having  reached  the  ventral  surface, 
approach,  with  their  convexities,  both  each  other  and  the 
median  line,  without,  however,  adhering  or  coming  into 
mutual  contact.  Figs.  11,  12,  13,  and  14  of  PI.  IX  make 
this  process  of  displacement  quite  dear.  Thus  approximated 
to  one  another  the  germinal  streaks  stretch  along  the  ventral 
surface,  but  at  the  anterior  part  of  the  embryo  they  again 
separate,  and  arching  over  the  lateral  surfaces,  ascend  on  the 
back  to  join  in  the  cephalic  commissure. 

Besides  this  displacement,  the  development  of  the  germinal 
streaks  must  cause  gradually  an  alteration  in  the  general 
form  of  the  embryo,  and  the  more  so  since  the  streaks  grow, 
not  only  in  length,  but  also  in  width  and  depth.  Hence  the 
transverse  section  of  the  body  loses  its  lens  shape  and  be- 
comes circular,  then  the  ventral  surface  becomes  more  and 
more  convex,  and  the  anterior  and  posterior  ends,  curving 
towards  the  dorsal  surface,  this  becomes  depressed  and  con- 
cave, so  that  the  embryo  assumes  a  kidney  or  bean  shape. 

Turning  to  the  development  of  the  cephalic  germinal 
streak,  we  find  the  mesoderm  separated  com{)letely  from  the 
ectoderm,  consisting  of  a  mass  of  small  roundish  cells,  which 
fills  completely  the  space  between  the  ascending  external 
lamina  and  the  descending  inflexion  of  the  ifold  of  ectoderm. 
Some  time  later  two  narrow  fissures  appear  in  the  lateral 
region  of  this  mass  of  mesoderm,  then  enlarge  towards  the 
median  dorsal  line,  where  they  then  unite  with  one  another, 
thus  splitting  the  mesoderm  into  two  concentric  layers,  one 
external  and  one  internal.  But  as  the  split  begins  nearer 
the  external  surface  than  the  surface  boundingthe  oesophagus, 
the  layers  are,  from  the  beginning,  of  unequal  thickness ;  the 
external  consists  nearly  everywhere  of  a  single  layer  of  cells, 
while  the  internal  has  two  or  three  layers.  The  first  adapts 
itself  to  the  external  wall  of  the  cephalic  ring,  the  second 
joins  itself  to  the  oral  epithelium. 

The  splitting  of  the  mesoderm  in  the  cephalic  germinal 
streak  is  followed  by  an  analogous  process  in  the  ventral 
germinal  streaks,  beginning  from  the  front  and  progressing 
gradually  towards  the  posterior  end.      A-bout  this  jngst; 
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important  event,  on  which  is  in  great  part  founded  the  typical 
structure  of  the  body  both  of  Annelids  and  Vertebrates,  I 
shall  only  say  a  few  words,  because  I  do  not  wish  to  enter 
here  into  the  consideration  of  the  particulars  of  histogenesis  ; 
I  do  not  know  how  to  do  better  than  to  repeat  the  beautiful 
and  mosT  exact  explanation  given  by  Kowalewsky  of  the 
process  in  Ettazes  and  Lumbrictis  rubellus. 

In  L,  trapezoidesy  as  in  the  above-named  Oligochseta,  the 
successive  division  of  the  mesodermic  cords  into  segments  a? 
primitive  zoonites  precedes  the  splitting  of  the  mesoderm. 
It  appears  that  this  division  happens  in  L,  trapezotdes  at  a 
little  later  period  than  in  the  other  species,  because  when,  the 
first  traces  of  it  can  be  discerned,  when,  that  is  to  say,  the 
finest  transverse  lines  of  demarcation  appear  between  suc- 
cessive portions  of  the  mesodermic  cords,  these  are  already 
very  thick  and  contain  two,  three,  and  more  layers  of  cells; 
the  space  which  divides  the  streaks  in  the  median  ventral 
line  is,  on  the  contrary,  still  very  wide.  Hence  are  formed 
two  parallel  rows  of  transversely  elongated,  rectangular 
plates.  Afterwards  each  plate  becomes  split  by  a  horizontal 
fissure,  so  that  the  mesoderm  is  divided  into  two  unequal 
lamina,  of  which,  unlike  what  we  have  noticed  in  the  split- 
ting  of  the  cephalic  germinal  streak,  the  external  is  much 
thicker  than  the  internal,  which  only  consists  of  a  single 
layer  of  cells  (PI.  IX,  fig.  13).  And  as  the  splitting  does  not 
pass  beyond  the  limits  of  the  primitive  zoonite,  nor  reach  to 
its  boundary  line,  the  cavity  remains  surrounded  on  all  sides 
by  mesoderm  cells;  each  primitive  zoonite  is  transformed 
into  a  compartment,  or  rather,  into  a  four-sided  prismatic 
case,  with  a  central  cavity  whose  external  wall  is  thickened, 
while  the  internal  consists  of  a  single  layer  of  cells:  The 
anterior  vertical  wall  of  each  compartment  adheres  firmly  to 
the  posterior  wall  of  the  segment  in  front  of  it,  and  thus 
are  formed  the  septa,  stretched  between  the  body-wall  and 
the  intestine.  They  are  thus  at  first  each  composed  of  two 
layers  belonging  to  two  adjoining  zoonites ;  then,  in  conse- 
quence of  the  strong  tension  which  they  have  to  sustain,  the 
cells  group  themselves  into  a  simple,  very  thin  membrane, 
,  which  is  not  placed  vertically  to  the  long  axis  of  the  embryo, 
/  >  but  goes  obliquely  from  behind  forwards.  Hence,  in  almost 
'  all  perfectly  vertical  transverse  sections,  are  seen  on  each  side 
two  separate  cavities ;  the  ventral  is  the  posterior  part  of  a 
segment  and  the  dorsal  the  anterior  part  of  the  following 
segment;  the  row  of  cells  which  divides  them  is  the  oblique 
section  of  the  septum.  Not  rarely  two  cavities  are  formed  in 
the  same  primitive  compartment,  but  they  soon  unite.  Later, 
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the  septa  become  perforated  in  many  points^  the  cavities  of 
the  primitive  somites  communicate  freely  and  form  together 
the  general  "  somatic"  or  "  body"  cavity. 

Of  the  horizontal  walls  of  each  zoonite  the  external  is 
placed  beneath  the  ectoderm,  the  internal  encircles  the  epi- 
thelium of  the  digestive  cavity.  The  external  layer  resulting 
from  the  splitting  of  the  mesoderm  is  called  the  somatic 
lamina^  the  inner  the  splanchnic  lamina ;  their  origin  and 
the  part  they  play  in  the  formation  of  the  body  leave  no 
doubt  of  their  homology  with  the  layers  of  vertebrates,  dis- 
tinguished by  the  old  and  somewhat  inappropriate  terms 
fibro-cutaneous  (Haut-faser-blatt)  and  fibro-intestinal  (Darm- 
faser-blatt).  This  is  an  agreement  of  the  highest  theoretical 
importance,  because  the  analogy  in  the  development  of  the 
primitive  zoonites,  of  the  somatic  cavity,  and  of  the  somatic 
and  splanchnic  laminae,  shows  with  surprising  clearness  the 
close  relation  between  the  vertebrates  and  annelids. 

Now,  it  is  clear  that  the  differentiation  of  the  cephalic 
germinal  streak  is  essentially  the  same  as  that  of  the  ven- 
tral germinal  streaks,  and  differs  only  in  points  of  secondary 
significance.  The  head  cavity  is  formed  by  the  fusion  of  two 
lateral  fissures,  which  divide  the  mesoderm  into  a  somatic 
and  splanchnic  lamina.  But  while  the  zoonites  of  the  trunk 
generally  embrace  the  whole  circumference  of  the  trunk  and 
close  in  the  dorsal  median  line  to  form  perfect  rings,  the 
cephalic  zoonite,  which  from  the  first  is  placed  above  the  oral 
fossa,  is  unable  to  complete  itself  in  the  same  way,  because, 
when  its  lateral  branches  direct  themselves  downwards  and 
backwards  towards  the  ventral  surface  they  meet  the  first 
zoonite  of  the  trunk,  and  hence  the  cavities  of  this  zoonite  and 
of  the  head  unite.  The  anterior  end  of  the  head  segment 
becomes  more  and  more  prominent,  and  is  transformed  into 
a  cylindrical  process,  the  upper  lip — a  kind  of  proboscis. 

It  is  evident  at  the  first  view,  from  the  chronological  order 
in  which  the  formation  of  the  primitive  segments  and  the 
splitting  of  the  mesoblast  takes  place,  that  the  segmen- 
tation begins  in  front  and  gradually  proceeds  backwards. 
But  it  is  still  necessary  to  know  whether  the  first  zoonite 
of  the  trunk  or  the  cephalic  zoonite  is  the  first  formed, 
because  Semper  has  attributed  great  importance  and 
fundamental  significance  in  the  morphology  of  all  articu 
lated  animals  to  the  fact  that,  in  the  development  of  verte- 
brates and  in  the  organic  multiplication  of  the  Naidee,  certain 
segments  of  the  head  appear  later  than  those  of  the  body 
The  investigation  of  this  point  is  not  easy  in  the  embryos 

*  lioc.  cit. 
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of  L.  trapezoides,  l)ecau8e  the  great  curvature  of  the  ante- 
rior end  of  the  body,  would  easily  conceal  the  existence  of  a 
very  narrow  fissure.  Notwithstanding  this,  I  am  convinced 
that  the  splitting  of  the  mesoderm  appears  first  in  the 
cephalic  germinal  streak ;  that,  namely,  the  cephalic  segment 
is  the  first  formed,  although  the  first  segment  of  the  trunk 
is  formed  nearly  at  the  same  time. 

The  splanchnic  layer  of  the  cephalic  ring,  which  at  first 

covers  only  the  upper  side  of  the  buccal  fossa  and  oesophagus 

with  a  thick  layer  of  mesoderm,  extends  gradually  its  lateral 

V    parts  towards  the  f  entral  surface,  and  embraces  the  ingestive 

aperture  completely.     Then  certain  cells  of  its  deeper  layer 

begin    to     migrate    into    the    inflected    ectoderm    which 

clothes   the  cavity  of   the   head    intestine,   making    their 

way  between  the  bases  of  the  epithelial  cells  and  slightly 

c/     raising  them  (PI.  II,  figs.  19  i,^,rf,  28,  24).     This  process 

/      begins  also  from  the  dorsal  side,  and  ends  in  the  formation 

of  strong  and  thick  walls  for  the  head  intestine,  which  by 

their  origin  belong  to  the  splanchnic  layer  of  the  mesoderm, 

from  which  they  become  distinctly  divided.    The  epithelium 

becomes  reduced  to  a  thin  almost  cuticular  membrane,  which 

in  the  adult  state  lines  the  mouth  and  oesophagus. 

Thus,  the  walls  of  the  ingestive  end  of  the  alimentary 
canal,  at  three  successive  periods  of  embryonic  life,  have  a 
structure  different  both  in  form  and  in  the  origin  of  the 
material ;  at  first  they  are  formed  of  endoderm,  this  then 
becomes  pushed  away  and  replaced  by  an  inflection  of 
the  external  covering  of  the  body,  and,  lastly,  they  consist 
nearly  entirely  of  mesodermic  tissues,  the  ectodermic  epithe- 
lium being  reduced  to  a  thin  layer  of  cells  fused  with  them. 

It  is  probable  that  the  transformations  of  the  splanchnic 
laminse  in  the  oesophageal  tube  may  correspond  in  some 
way  with  what  Semper  interprets  in  the  development  of 
the  head  intestine  in  Nais  and  Chatogaster  as  the  forma- 
tion of  true  branchial  slits,  homologous  with  those  of  Ver- 
tebrates, which  then  become  converted  into  part  of  the 
oesophageal  walls.^ 

Of  canals  and  external  orifices  I  have  found  no  sign 
in  LumbricuSj  and  I  have  found  nothing  resembling  the 
branchial  apparatus  of  Semper,  unless  it  is  the  above-men- 
tioned passage  of  a  part  of  the  splanchnic  lamina  of  the 
cephalic  germinal  streak  into  the  walls  of  the  head  in- 
testine. 

During  the  time  of  greatest  activity  of  the  mesoderm,  until 
a  considerably  number  of  segments  are  formed,  the  othe^  two 

*  Jjoc.  Cit. 
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layers  keep  their  primitiye  state  nearly  unaltered.  The  en- 
doderm  shows  no  other  change  than  the  enlargement  of  its 
cells  filled  with  numerous  granules  of  dense  albumen>  and 
the  displacement  of  their  small  oval  nuclei  towards  the  free 
surface.  The  reproductive  activity  of  the  ectoderm  appears 
to  be  confined  to  the  production  of  the  secondary  epithelium 
of  the  head  intestine ;  in  its  other  parts  the  cells  become 
very  much  more  stretched  out  into  thin  plates  by  the  in- 
creasing internal  pressure^  which  is  greatest  on  the  dorsal 
surface,  where  they  become  so  thin  that  it  is  sometimes 
difficult  to  recognise  them.  They  retain,  however^  their 
nuclei,  placed  in  small  thickenings,  which  project  inwards, 
taking  advantage  of  the  less  resistance  at  the  lines  of  separa- 
tion of  the  endoderm  cells. 

But  when  the  anterior  zoonites  are  marked  out,  the 
ectoderm  resumes  its  reproductive  activity,  the  first  and 
most  important  result  being  the  formation  of  the  central 
nervous  apparatus. 

Development  of  the  Cephalic  Ganglion. 

The  investigation  of  the  first  stages  of  the  development  of  the 
supra-oesophageal  or  cephalic  ganglion  is  rendered  specially 
difficult  by  the  rudiment  being  situated  on  a  strongly 
curved  projection.  In  investigating  the  differentations  in  a 
very  small  space,  and  of  a  tissue  composed  of  very  small 
cells,  only  the  very  thinnest  possible  sections  are  of  use, 
which,  to  render  the  relations  of  the  surrounding  parts  in- 
telligible, must  pass  exactly  at  a  right  angle  through  one  of 
the  principal  axes  of  the  rudiment,  a  condition  which  can 
only  be  obtained  by  chance  in  transverse  sections;  in 
longitudinal  sections  the  median  one  is  vertical,  but  all 
the  others  are  necessarily  oblique  ;  this  is  even  more  the  case 
with  Aomonto/ sections.  But  since  there  is  no  other  method 
of  research,  I  have  made  sections  in  all  directions ;  by 
combining  the  sections  of  a  series  with  one  another,  and 
with  those  of  other  series  made  in  different  directions,  I 
think  I  have  formed  a  fairly  precise  conception  of  the  way  in 
which  the  cephalic  ganglion  is  formed. 

Fig.  23,  PI.  X,  represents  the  anterior  part  of  the  exactly 
median  section  of  a  longitudinal  series,  made  from  an  embryo 
of  about  0*4  mm.  in  length.  The  structure  of  the  cephalic 
ring,  already  described,  is  easily  recognised ;  the  head  cavity, 
lined  by  the  large  splanchnic  lamina  (Isp)  and  by  the  so- 
matic lamina  (Iso),  here  reduced  to  a  very  thin  layer  of  fusi- 
form cells.  The  ciliated  epithelium  of  the  mouth  (eo)  is 
folded  towftrds  the  external  dorsal  surface^  where  it  becom^f 
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continuous  with  the  ectoderm,  the  cells  of  which  are  cylin- 
^  drical  on  the  edge  of  the  projection,  but  on  the  dorsal  surface 
,  ^from  their^  plates,  which  appear  fusiform  in  section.  But 
what  has  lately  happened  is  that  for  a  small  space  the  ecto- 
derm has  become  thickened ;  it  consists  here  of  two  sets  of 
cells,  while  a  short  time  before  it  was  everywhere  composed 
of  a  single  layer.  The  cells  of  this  thickening  {gc)  are  not, 
however,  arranged  in  distinct  layers,  but  are  closely  united 
into  a  single  mass ;  it  is  exactly  and  clearly  limited  by  the 
somatic  lamina.  The  unfigured  sections  of  the  same  series, 
which  are  immediately  to  the  right  and  left  of  the  one  de- 
scribed, show  the  same  characters,  with  the  difference  only 
that  the  number  of  cells  composing  the  thickening  is  smaller; 
the  same  is  observed  also  in  the  following  sections  on  each 
side,  althougii  these  are  very  oblique.  In  the  sections  still 
more  to  the  sides  the  thickening  disappears  altogether,  and 
the  ectoderm  becomes  again  unicellular. 

Examining  now  the  head  end  of  a  slightly  more  developed 
embryo  by  means  of  transverse  sections,  we  see  in  the  first 
(PI.  X,  fig.  20  fl),  which  passes  only  through  the  semilunar 
projection  of  the  cephalic  zoonite,  a  group  of  small  cells 
(^c),  rather  thinned  in  the  middle,  completely  separated  from 
the  mesoderm,  which  is  here  in  an  abnormally  retarded  state 
of  development,  not  being  yet  split  in  the  median  line,  and 
beginning  to  separate  itself  from  the  superficial  layer  of 
ectoderm.  The  section  immediately  following  this  (fig.  20  b) 
shows  how  these  cells  pass  directly  into  a  very  conspicuou 
enlargement  of  the  ectoderm  in  the  median  dorsal  line,  which 
here  is  composed  of  as  many  as  four  layers  of  cells.  In  the 
third  (fig.  20  c)  the  thickening  of  the  ectoderm,  although 
diminished  in  the  median  line,  is  increased  at  the  sides, 
where  it  descends  for  a  good  distance  towards  the  ventral 
surface,  becoming  gradually  thinner,  and  at  last  unicellular. 
This  is  shown  best  in  the  left  side  of  the  figure,  the  section 
being  a  little  oblique.  In  the  fourth  section  the  ectodermic 
thickening  may  be  still  seen,  though  it  is  much  diminished. 
In  the  following  sections  it  exists  no  longer. 

The  series  shown  in  figs.  19  o,  b,  c,  d,  is  taken  from  a  still 
more  developed  embryo.  In  the  first  section  (fig.  19  a)  the 
thickening  of  the  ectoderm  embraces,  in  the  form  of  a  half 
circle,  the  superior  convex  part  of  the  cavity  of  the  head  (cc), 
from  which,  however,  it  is  separated  by  the  thin  membranous 
somatic  lamina  (Iso),  On  the  external  surface  of  the  thick- 
ening a  single  layer  of  flat  pavement-cells  {ec)  is  separated 
from  the  internal  mass,  composed  of  roundish  cells  with  re- 
latively very  large  nuclei ;  in  other  words,  the  rudiment  of 
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a  new  organ ^  the  "  cephalic  medullary  plate/'  has  become 
separated  from  the  peripheral  ectoderoK  which  once  more 
forms  a  unicellular  covering.  Fig.^480  i  shows  the  same  '7 
arrangement  nearly  unaltered ;  but  in  the  third  section 
(fig..^3fr(?),  instead  of  a  continuous  semicircular  thickening,  ^^ 
there  are  two  large  projections  of  ectoderm  (^c),  which 
thrust  themselves  into  the  cephalic  cavity,  separated  from 
each  other  by  a  largish  tract  of  simple  ectoderm. 

These  projections  are  still  more  conspicious  in  6g.2&d.  ^7 
At  the  ventral  side  are  seen  in  the  last  section  two  eleva- 
tions, formed  of  small  cells  very  like  those  of  the  rudiment 
of  the  cephalic  ganglion,  and  separated  from  each  other  by  a 
^  f)aCrrow,  whose  floor  is  formed  of  ciliated  cells  (w).  This  is  j 
the  section  of  the  rudiment  of  the  first  ganglion  of  the  ven-  i 
tral  chain.  It  is  important  to  notice  that  there  is  no  con- 
nection between  this  and  the  dorsal  thickening  {gc).  In 
the  three  following  sections  the  last  are  still  recognisable 
although  much  reduced;  further  back  they  are  altogether 
absent.  Fig.  SI  a,  i,  c,  d^  are  longitudiual  horizontal  sec- 
tions of  an  embryo  0*6  mm.  in  length ;  21  a  is  the  fifth  of 
the  series,  going  from  the  ventral  to  the  dorsal  surfaces.  It 
is  to  be  understood  that  when  the  embyro  is  placed  horizon- 
tally the  first  sections  pass  through  the  very  prominent  belly 
without  touching  the  mouth  or  head  end.  The  section  is 
not  perfectly  at  right  angles  to  the  vertical  axis,  but  has 
fallen  with  its  left  side  nearer  the  ventral  surface  than  the 
right,  hence  the  difierence.  On  the  left  side  the  ectoderm 
appears  thickened,  and  this  is  the  section  of  the  longitudinal 
ventral  chain  of  ganglia  («)  \  on  the  right  side  and  in  front 
the  ectoderm  consists  of  a  single  layer  of  pavement-cells 
(ec).  In  the  Qogmont  which  comes  next  (21  h)  the  ectoderm 
celb  on  the  apex  of  the  head  have  become  long  and  cylin- 
drical, but  are  still  placed  in  a  single  layer.  A  little  further 
back  the  ectoderm  shows  on  each  side  a  spindle-shaped 
swelling  (^o),  which  loses  itself  again  in  the  unicellular 
layer  covering  the  body.  The  same  conditions  of  the  ecto- 
derm are  seen  likewise  in  the  seventh  and  eighth  sections, 
in  which  the  lateral  thickenings  are  still  larger,  fiut  in  the 
ninth  (fig.  21  >()  the  cylindrical  epithelium  which  separated 
the  swellings  in  front  has  disappeared,  and  these  are  united 
by  a  largish  commissure ;  they  form  together  an  arch  em- 
bracing the  cephalic  extremity.  Finally,  in  the  tenth  sec- 
tion (fig.  2^  no  further  trace  of  the  lateral  thickenings  is 
found ;  the  ectoderm  is,  on  the  contrary,  much  thickened  in 
the  middle  line. 
Now,  the  comparative  combination  of  these  sections  will  be 
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enough  to  give  a  clear  idea  of  the  way  in  which  the  rudi- 
ment of  the  cephalic  ganglion  is  developed.  In  the  first 
place,  it  is  clear  that  it  originates  in  the  ectoderm,  and  in 
the  ectoderm  alone.  In  a  narrow  transverse  tract,  close  to 
the  apex  of  the  head,  the  cells  of  the  simple  layer  of  ecto- 
derm divide,  and  group  themselves  into  the  form  of  a  short 
and  slightly  curved  arch.  This,  increasing  in  thickness  and 
becoming  distinctly  separated  from  the  peripheral  layer  of  the 
ectoderm,  extends  along  the  lateral  walls  of  the  cephalic 
zoonite,  but  still  more  behind,  where  it  ends  on  each 
side  in  a  conspicuous  club-shaped  enlargement;  it  thus 
assumes  a  shape  which  may  be  compared  to  a  hernia- 
truss  with  a  cushion  on  each  side,  which  embraces  the 
upper  half  of  the  cephalic  cavity  and  of  the  oesophagus, 
being  directed  obliquely  from  above  downwards  andQfrom 
behind^forwards.  From  the  beginning  till  it  has  reached  a 
considerable  development  the  rudiment  of  the  cephalic 
ganglion  is  without  any  connection  with  the  ganglia  of  the 
ventral  chain. 

I  confess  that  I  expected  something  different.  The  nature 
of  the  adult  organ>  the  mode  of  formation  of  the  ventral  gan- 
gliated  cord,  and  more  general  considerations,  led  to  the 
anticipation  of  a  double  rudiment  as  the  first  sign  of  the 
central  nervous  apparatus  of  the  head.  But,  on  the  other 
hand,  mv  observations  agree  with  what  was  before  known  of 
the  development  of  the  cerebral  ganglion  of  the  Hirudinea. 
This  only  consists,  it  is  true,  of  a  short  notice  by  Rathke  for 
Nephilis,  and  of  a  still  shorter  one  by  Leuckart  for  Hirudo 
medicinalis.  Bathke  affirms  that  the  rudiment  of  the  cere* 
bral  ganglion  is  an  arch  placed  on  the  upper  side  of  the 
oesophagus,  without  connection  with  the  ventral  germinal 
streak.^  Leuckart  also  says  that  the  formation  of  this  organ 
occurs,  independently  of  the  germinal  streak,  by  the  appear- 
ance of  a  cellular  cord,  which  embraces  the  buccal  aperture 
and  adapts  itself  to  the  anterior  ends  of  the  streak,  without 
at  first  uniting  with  it.  He  further  adds  that,  in  a  subse- 
quent stage,  two  lateral  swellings  are  found  united  by  means 
of  a  pretty  large  commissure,  both  to  each  other  and  to  the 
anterior  processes  of  the  first  ventral  ganglion.^  These  short 
notices,  which  do  not  take  account  of  the  embryonic  layers, 
are  not  founded  on  investigations  carried  out  by  means  of 
sections,  and  are  not  illustrated  by  any  figures,  certainly 

^  Loo.  cit.,  pp.  49,  60.  Recently  Biitschli  has  upheld  the  truth  of 
Rathke's  observations  ('Zeit.  fur  Wiss.  Zool.,'  T.  xxix,  1877,  P.  348. 

>  *'  Die  menschlichen  Parasiten,'  T.  i,  Leipzig  und  Heidelberg,  1863, 
p.  706. 
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cannot  have  much  authority.  They  are  open  to  the  greatest 
variety  of  interpretations  and  objections^  but  it  is  a  little  too 
much  when  Semper,  taking.advantage  of  an  easily  explicable 
inexactness  of  expression  in  Leuckart's  notice,  twists  it  in  an 
extravagant  manner  to  make  it  fit  his  own  observations  and 
speculations.  In  fact,  the  mode  of  formation  of  the  oesopha- 
geal collar,  which  Semper  thinks  typical  for  all  the  Annu- 
lata,  is  not  consistent  either  with  the  observations  of  Rathke 
and  Leuckart  on  the  Hirudinea,  nor  with  my  own  on 
Lumbricus. 

During  the  gemmation  of  the  Naidee,  according  to  the 
above-quoted  observer,  the  ventral  germinal  streak  in  the 
cephalic  zone  splits  into  two  parts,  which  grow  up  on  the 
lateral  walls  of  the  oesophagus,  arching  over  towards  one 
another  on  the  dorsal  surface.  As  soon  as  they  have  em- 
braced the  intestine  a  portion  of  them  separates  itself  to  form 
the  commissure  and  the  ganglionic  substance  of  the  brain ; 
the  two  halves  of  the  supra-oesophageal  ganglion  thus 
formed  then  fuse  to  one  another  in  the  median  dorsal  line. 
This  portion  of  the  oesophageal  collar  is  derived  from  the 
mesoderm.  But  then  the  ectoderm  developes  to  the  right 
and  left  a  kind  of  bud,  which  Semper  calls  "  Sinnesplatte," 
because  in  it  is  formed  the  eye  of  the  Naidee,  which  is 
directed  towards  the  dorsal  surface,  where  it  enters  into  the 
composition  of  the  supra-oesophageal  ganglion.  Hence  the 
entire  oesophageal  collar  would  be  a  product  of  the  ventral 
germinal  streak,  together  with  two  lateral  buds  of  the  ecto- 
derm, without  the  intervention  of  a  dorsal  medullary  plate, 
and  thus  would  be  an  organ  heterogeneous,  even  in  its  essential 
parts,  being  derived  as  much  from  the  mesoderm  as  from  the 
ectoderm.^  I  have  no  observations  of  my  own  on  the 
development  of  this  organ  in  the  agamic  generation  of  the 
Naidse,  but  I  know  that  in  a  group  of  animals,  closely  related 
to  these,  the  embryonic  development  proceeds  in  quite  a 
different  manner.  In  Lumbricus  the  first  rudiment  of  the 
oesophageal  collar  is  a  dorsal  medullary  plate,  which  arises 
independently  of  the  ventral  chain  and  exclusively  from  the 
;0Ctoderm.  I  do  not  know  what  forms  the  sensitive  plates  of 
Semper,  since  it  does  not  appear  justifiable  to  identify  them 
with  the  terminal  enlargements  of  the  medullary  plate. 

Lastly,  Hatschek,  in  opposition  to  Semper,  describes  the 
affair  very  differently.  He  says:  ^'The  first  rudiment  of 
the  nervous  system  is  found  in  Lumbricus  in  those  embryos 
in  which  the  foremost  segments  are  developing  the  seg- 
mental organs.    It  appears  as  a  thickening  of  the  ectoderm 

>  Loo.  oit.,  pp.  806,  810,  and  elsewhere. 
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in  front  of  the  oral  margin  (Scheitelplatte).  Soon  two 
filamentous  thickenings  of  the  ectoderm  begin  to  extend 
themselves  from  the  lateral  regions  of  the  Scheitelplatte 
backwards  along  the  sides  of  the  mouth  into  the  neighbour- 
ing segments,  where  they  lie  on  either  side  of  the  middle 
line."i 

I  should  agree  with  this  as  regards  the  fact  that  a  dorsal 
plate  arises  before  any  other  part  of  the  central  apparatus  if 
I  were  capable  of  forming  a  clear  idea  of  what  the  author 
intends  to  express  by  these  words,  and  if  I  were  convinced 
that  he  really  has  observed  the  first  stages.  But  the 
assertion  that  the  ventral  medulla  is  produced  from  two 
prolongations  of  the  cephalic  ganglion  I  believe  to  be 
entirely  erroneous  if  the  probability  be  admitted  that,  in  two 
species  of  the  same  genus,  the  principal  organs  would  be 
formed  in  the  same  way. 

A  few  words  on  the  further  transformations  of  the  dorsal 
medullary  plate.  The  whole  rudiment  separates  at  once 
from  the  ectoderm,  and  becomes  enveloped  in  a  sheath  of  the 
somatic  lamina.  From  the  anterior  median  part  of  the  arch 
start  two  prolongations,  which  enter  the  upper  lip,  where 
they  appear  to  become  confounded  again  with  the  ectoderm, 
which  here  is  transformed  into  sensitive  epithelium.  In 
like  manner,  the  opposite  side  of  the  rudiment  sends  out 
processes  directed  backward,  which  are  broader  and  longer 
than  the  anterior.  Thus,  the  cephalic  ganglion  seen  from 
above  appears  to  consist  of  two  pear-shaped  halves  broadly 
joined  in  the  middle.  The  two  lateral  projections  which 
form  the  dilated  extremities  of  the  arch,  also  separated  from 
the  ectoderm,  extend  gradually  as  much  upwards  as  down- 
wards, and  unite  principally  with  the  median  arch  of  the 
medullary  plate.  In  transverse  sections  this  is  seen  to 
embrace  already  more  than  half  the  oesophagus.  In  the 
median  dorsal  line  is  seen  a  deep  impression  where  the 
dorsal  blood-vessel  is  placed ;  the  margins  of  this  groove  rise 
a  little,  and  these  bendings  descend  nearly  vertically  towards 
the  ventral  surface,  where  they  end  in  very  fine  extremities 
without  joining  the  ventral  chain.  I  do  not  wish  here  to 
enter  into  the  description  of  histological  difierentiations ;  I 
will  only  say  that  the  transverse  commissure  which  connects 
the  two  halves  of  the  arch  appears  in  this  stage,  and  is  the 
first  to  arise.  All  the  cells  on  the  ventral  face  become  trans- 
formed into  a  finely  granular  substance,  while  at  the  sides 

^ "  BeitragezurEntwicklungs^escbichte  undMorpholo^ie  der  Anneliden," 
'  Sitzungsberichte  der  Akademie  der  Wissenschattea  m  Wien/  T.  ixxi?, 
1876,  p.  1. 
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and  above  a  thick  layer  of  ganglionic  cells  remains.  As  the 
extremities  of  the  arch  descend^  these  commissural  cords 
lengthen  proportionately,  and  the  ganglionic  cells  on  their 
external  sides  become  scarcer,  so  that  it  may  be  said  that  the 
oesophagus  is  not  embraced  by  the  entire  ganglion,  but  rather 
by  the  elongated  branches  of  the  commissure.  These 
branches  must  themselves  descend  to  the  ventral  ^rall  to 
meet  the  first  ganglion  of  the  ventral  chain,  for  I  have  never 
seen  prolongations  directed  upwards  from  the  latter.  But 
the  investigation  of  this  point  is  extremely  difficult,  since 
the  lateral  parts  of  the  collar  are  very  closely  enveloped  by 
the  mesoderm,  whose  cells  resemble  so  closely  those  of  the 
nervous  ring  that  it  is  not  easy  to  distinguish  them  with 
exactness.  Hence  I  cannot  say  definitely  that  mesoderm 
cells  do  not  at  this  time  enter  the  lower  extremities  of  the 
collar  (this  applies  only  to  the  lower  extremities,  since  all  the 
remainder  is  clearly  separatetf^  from  the  middle  layer)  to  take 
part  in  the  formation  of  the  commissure,  but  it  would  be 
still  less  possible  to  prove  that  they  do  so,  and  I  think  it  is 
most  improbable.  When,  at  a  relatively  very  late  period,  the 
definite  union  of  the  cerebral  ganglion  with  the  first  ganglion 
of  the  ventral  chain  takes  place,  this  first  ganglion,  as  well 
as  those  following,  possesses  a  well-developed  commissural 
trunk  with  which  the  cord  from  the  cephalic  ganglion 
appears  to  be  directly  united. 

The  Development  of  the  Ventral  Chain  of  Oanglia. 

I  began  the  account  of  the  development  of  the  central 
nervous  apparatus  with  the  cephalic  ganglion,  because,  even  if 
it  is  not,  as  I  believe,  the  first  part  formed,  it  certainly  appears 
at  least  contemporaneously  with  the  earliest  traces  of  the 
ventral  chain.  It  is  known  that  the  development  of  the 
latter  progresses  from  before  backwards,  but  its  first  rudi- 
ment extends  rapidly  along  the  whole  length  of  the  embryo, 
as  far  as  the  caudal  extremity.  On  the  other  hand,  the 
separation  of  the  individual  ganglia  and  their  histological 
development  takes  place  gradually,  and  much  later  in  the 
posterior  than  in  the  anterior  part ;  while  the  first  ganglia 
have  already  attained  a  state  of  great  perfection,  those  fur- 
ther back  exhibit  all  imaginable  gradations,  till  we  reach  the 
condition  of  the  undifferentiated  rudiment.  Hence,  for  the 
investigation  of  the  first  changes,  it  in  best  to  take  early  em- 
bryos ;  for  that  of  the  following  stages  much  older  embryos 
answer  very  well,  because  the^most  different  stages  of  deve- 
lopment, united  by  the  minutest  gradations,  are  found  in  a 
single  individual. 

VOL.  XIX. NEW    8ER.  Q 
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When  the  mesoderm  of  the  germinal  streak  has  fused  in 
the  median  line^  the  ectoderm  is  still  divided  into  two 
lateral  sheets  by  the  narrow  band  of  ciliated  cells^  which  runs 
along  the  whole  ventral  surface.  The  cells  of  this  baud, 
besides  being  covered  with  vibratile  cilia,  are  clearly  distin- 
guished from  the  rest  of  the  ectoderm  by  their  transparent 
appearance,  their  granular  protoplasm  beingreplaced  toa  great 
extent  by  a  very  transparent  substance,  and  reduced  to  a  fine 
network  radiating  from  the  large  nucleus,  and  a  condensed 
layer  on  the  side  which  bears  the  cilia.  These  cells  at  first 
project  and  form  a  low  crest,  but  afterwards  become  raised 
at  the  sides,  so  that  a  longitudinal  furrow  appears  between 
them,  which  I  shall  call  the  ventral  furrow. 

At  this  time  the  first  trace  of  the  developing  nervous  cord 
appears  as  two  thickenings  of  the  ectoderm,  immediately  on 
each  side  of  the  ventral  furrow.  These  are  still  so  little 
raised  that  it  is  impossible  to  detect  them  by  looking  at  the 
embryo  from  the  front ;  but  transverse  sections  show  that  one, 
two,  or  three  cells  have  been  newly  formed  in  the  ectoderm, 
and  are  placed  partly  among  and  partly  beneath  the  pre- 
existing cells.  There  can  be  no  doubt  as  to  their  origin,  for 
they  are  perfectly  separated  from  the  mesoderm,  while 
they  are  united  into  a  single  mass  with  the  ectoderm,  from 
which  many  cells  show  the  most  evident  signs  of  being  in  a 
state  of  division.  Then,  at  each  side  of  the  groove,  one 
of  the  deep  cells  of  the  ectoderm  assumes  an  appearance 
rather  different  from  the  rest,  becoming  darker,  in  conse- 
quence of  the  condensation  of  its  protoplasm ;  it  is  still 
further  marked  by  its  broader  and  more  distinct  outline,  an 
outline  which  the  other  ectodermic  cells  do  not  possess. 
The  two  cells  thus  distinguished,  separated  from  one  another 
by  the  epithelium  of  the  furrow,  are  the  first  stage  of  the 
ventral  cord.  Sometimes  it  appears  that  two  or  three 
ectoderm  cells  become  changed  at  the  same  time,  but  in 
general  the  process  begins  in  a  single  cell.  This,  however, 
divides  without  delay,  and  then  two  well-defined  groups  of 
two  or  three  cells  each  are  seen  in  the  transverse  section,  on 
either  side  of  the  ciliated  cells  (PI.  IX,  fig,  14  n).  In  this 
way  are  developed  along  the  ventral  furrow  two  cords,  broad 
and  clearly  defined  in  front,  becoming  thinned  away  behind, 
where  they  finally  blend  with  the  primitive  ectoderm. 
Here  the  process  of  division  in  the  ectoderm  cells  continues, 
and  hence  the  prolongation  of  the  cords  is  principally 
effected  by  the  addition  of  freshly  separated  cells,  while  the 
increase  of  their  thickness  is  produced  by  means  of  the  cells 
already  transformed ;   it  is  not,  however,  impossible  that^  in 
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the  region  where  the  cords  are  already  distinctly  separated, 
some  adjacent  ectoderm  cells  may  assume  their  specific 
characters  and  join  them. 

From  this  time  the  cells  of  the  neighbouring  borders  of  the 
cords  force  themselves  under  the  furrow,  slightly  raising 
the  ciliated  cells.  They  approach  the  median  line,  and  there 
those  of  the  two  sides  unite ;  thus,  the  two  primitive  lateral 
cords  join  to  form  a  single  lamina,  which  I  shall  call  the 
ventral  medullary  plate,  and  soon  afterwards  its  cells  begin 
to  accumulate  at  certain  points,  producing  a  successive 
series  of  zones,  alternately  alike  and  unlike.  This,  as 
well  as  what  follows,  will  be  best  explained  by  reference 
to  successive  transverse  sections.  Only  perfectly  vertical 
sections  are  of  use ;  in  these  the  sections  of  the  longitu- 
dinal muscular  fibres  appear  as  circular  points 

In  the  section  fig.  25  a,  which»  together  with  25  b  and  25  c, 
is  taken  from  the  tail  end  of  an  embryo  3*0  mm.  in  length, 
the  junction  of  the  cords  has  taken  place.  Beneath  the 
bottom  of  the  furrow  sn  the  medullary  plate  (n)  consists  of 
a  single  layer  of  cells,  but  is  raised  immediately  to  the  right 
and  left  into  two  parallel  crests,  which,  becoming  gradually 
lower  towards  the  sides,  terminate  in  a  thin  lamina.  The 
dorsal  surface  of  the  plate  is  nearly  flat,  and  is  covered  by  a 
thin  layer  derived  from  the  somatic  lamina  {ho).  Thicken- 
ings of  the  somatic  lamina  are  seen  on  each  side  of  the  plate, 
and  between  them  and  the  ectoderm  the  rudiments  of  the 
muscular  plates  (m) ;  above  the  medullary  plate,  projecting 
into  the  body  cavity,  is  the  ventral  blood-vessel  (r),  attached 
to  the  splanchnic  lamina  (from  which  it  takes  its  origin), 
that  envelopes  the  mid  gut  (en).  The  section  25  b,  which 
immediately  follows  the  last,  shows  a  different  arrangement; 
here  the  conspicuous  elevations  at  the  sides  of  the  furrow  are 
wanting,  and  the  medullary  plate  is  reduced  nearly  every- 
where to  two  layers  of  cells ;  but  in  the  third  section  (fig. 
25  e)  it  has  again  the  form  and  extension  which  it  had  in 
25  a.  Such  a  succession  of  thick  and  thin  zones  is  repeated 
many  times,  with  the  difference,  however,  that  further  for- 
ward the  size  of  the  thick  zones  is  greater,  so  that  they 
occupy  two  or  three  sections  instead  of  a  single  one,  and  the 
differences  between  the  zones  become  less  marked. 

On  examining  a  series  of  sections  taken  from  the  middle 
of  the  body  of  the  same  embryo,  the  first  thing  which  strikes 
one  is  the  great  enlargement  of  the  medullary  plate,  which 
in  this  stage  has,  in  fact,  attained  its  largest  relative  dimen- 
sions. The  ventral  furrow  has  disappeared,  and  its  cells, 
although   still    recognisable,  have    greatly   changed    their 
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ap^earance>  in  the  first  place  having  lost  their  vibratile  cilia. 
This  alteration  in  the  cells  of  the  furrow  takes  place  bit  by 
bit ;  in  the  same  embryo^  both  behind  and  in  fronts  the  cells 
are  found  in  their  characteristic  form^  and  show  a  lively 
vibratile  movement.  I  thought  that  the  cells  might  perhaps 
transform  themselves  at  a  certain  time  to  take  part  in  the 
production  of  new  ones^  and  then  return  to  their  preceding 
state^  but  I  have  not  been  able  to  obtain  proofs  of  this.  It 
is  certain  that  they  have  no  relation  with  the  mesoderm 
celb,  which  are  found  here  for  the  first  time  interposed 
between  the  ectoderm  and  the  medullary  plate  (fig.  26  a, 
mes),  because  these  are  derived  from  the  somatic  lamina^ 
which,  beginning  in  front,  forces  itself  from  the  two  sides 
towards  the  median  line,  and  then  backwards,  separating  the 
rudiment  of  the  ventral  medulla  from  contact  with  the 
ectoderm. 

The  groove  in  the  medullary  plate,  sometimes  very  deep, 
which  divided  the  two  elevations  has  now  disappeared,  or 
become  reduced  to  a  very  small  impression.  The  edges  of 
the  furrow  do  not  become  united,  but,  on  the  contrary,  the 
fossa  becomes  wider  and  shallower  before  vanishing,  in  con- 
I  quence  of  the  increase  of  the  medullary  cells  placed  above 
its  floor.  The  cells  which  occupy  the  middle  portion  of  the 
plate  are  larger,  consist  of  clearer  protoplasm,  and  have  more 
precise  limits  than  those  placed  in  the  lateral  portions,  from 
which,  however,  they  are  not  in  any  way  separated.  In  the 
following  section  (26,  5),  the  nervous  plate  has  changed  its 
form  a  little,  its  sides  are  thickened  and  form  two  elevations 
on  the  dorsal  surface,  between  which  is  found  a  wide  and 
pretty  deep  furrow.  The  internal  structure  also  shews  some 
alterations,  the  greater  part  of  the  large  median  cells  being 
changed  and  aggregated  with  the  small  ones.  The  proto- 
plasm of  these  is  dense,  and  the  nuclei  fill  nearly  the  entire 
body  of  the  cell ;  they  are  placed  so  close  together  that  a 
high  power  and  great  attention  are  necessary  to  make  out 
their  boundaries ;  signs  of  division  are  frequent.  A  meso- 
dermic  sheath  everywhere  surrounds  the  medullary  plate. 

Further  in  front  (fig.  36  c)  the  rudiment  of  the  nervous 
chain  presents  a  new  form.  Till  now  its  lateral  wings 
were  elongated,  and  ended  in  very  sharp  points;  now  they 
are  rounded  in  such  a  way  that  their  section  is  kidney 
shaped.  The  histological  changes  met  with  here  are  more 
important.  In  the  dorsal  side  appear  two  small,  clear-look- 
ing, finely  granular  spots,  which  stain  feebly  with  hsema- 
toxylin.  They  have  not  distinct  limits,  but  lose  themselves 
in  the  surrounding  cells,  whose  outlines  become  little  by 
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little  less  distinct ;  no  other  fibres  are  seen,  unless  faint  traces 
of  prolongations  of  the  adjacent  cells,  visible  with  a  higher 
power,  are  regarded  as  such.  These  are  the  rudiments  of 
the  fibrous  commissures.  Fig.  S6  d  shows  the  plate  again 
in  the  form  which  it  had  further  back,  but  the  granular  sub** 
stance  of  the  commissure,  which  encloses  some  nuclei,  is 
still  more  conspicuous  than  in  the  preceding  section,  and  the 
two  lateral  rudiments,  are  fused  in  the  median  line  and  form 
the  bottom  of  the  dorsal  furrow.  The  sides  and  the  ventral 
portion  consist  of  a  continuous  pretty  thick  layer  of  cells. 

The  same  succession  of  such  alternate  zones  repeats  itself 
again  several  times  in  the  backward  direction,  then  every 
trace  of  the  commissure  is  lost,  and  the  medullary  plate  passes 
by  every  gradation  to  the  state  of  fig.  35.  In  front  similar 
conditions  are  observed ;  here,  however,  every  section  shows 
the  presence  of  a  commissure  in  a  stage  of  very  much  more 
perfect  development. 

To  illustrate  the  subsequent  changes  I  select  a  group 
of  sections  of  an  embryo  of  4*6  mm.  in  length  (PI.  XI,  fig. 
27  a,  i,  c,  rf,  e).  In  the  first  preparation  (27  a)  the  medullary 
plate  has  a  shallow  impression  both  on  the  ventral  and  dorsal 
surface.  The  cells  occupy  the  surface,  leaving  the  median  part 
of  the  upper  side  free,  and  are  especially  accumulated  in  the 
lateral  processes;  from  here  they  are  continued  round  to 
the  inferior  surface,  where  they  unite  and  penetrate  deeply 
into  the  interior  of  the  plate,  so  that  this  again  appears  to 
be  divided  into  two  lateral  cords,  whose  centres  are  composed 
of  the  granular  substance.  Immediately  in  front  (fig.  27  b) 
the  plate  becomes  kidney-shaped.  The  septum,  which  pro- 
jects from  the  cortical  laver  of  cells  into  the  interior,  is  much 
more  developed,  and  divides  the  commissure  nearly  com- 
pletely into  two  trunks.  But  in  the  same  section  the  firm 
union  of  the  cells  is  relaxed  and  they  separate  a  little  to 
the  right  and  left,  occasioning  the  appearance  of  a  kind  of 
vertical  fissure,  which  is  more  distinct  in  the  centre  than  at 
the  periphery.  This  is  clearer  still  in  fig.  27c.  The  cellular 
process  penetrates  a  little  less  deeply  into  the  substance  of 
the  commissure,  but  the  fissure  which  divides  it  into  two 
parts  is  more  evident,  especially  at  the  centre,  where  it  ends 
in  an  enlargement.  Further,  the  whole  cellular  covering  is 
thickened  considerably,  diminishing  the  size  of  the  commis- 
sure. But  in  the  following  section  (fig.  27  d)  that  constric- 
tion has  entirely  disappeared ;  the  commissure  which  forms 
a  large  mass  containing  some  scattered  nuclei,  is  surrounded 
by  a  uniform  layer  of  cells.  The  median  thickening  of  the 
cellular  covering  reappears  once  more  in  the  section  (fig.  27  e), 
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(^    jinA  thus  begins  the  repetition  of  the  successive  variations 
just  described. 

According  to  these  observations  the  mode  of  development 
of  the  ganglionic  chain  would  be  the  following : — Some  of 
the  ectoderm  cells^  situated  on  the  two  sides  of  the  ciliated 
furrow,  divide  and  form  two  parallel  thickenings.  One,  or 
sometimes  two  or  three,  cells,  of  the  newly  formed  deep  layer 
acquire  special  characters,  and  separate  themselves  distinctly 
from  the  superficial  layer  and  from  the  lateral  parts  of  the 
ectoderm  from  which  they  originated.  In  this  way  are 
developed  two  cords,  completely  separated  from  each  other 
by  the  cells  of  the  ventral  furrow.  This  is  the  original 
double  rudiment  of  the  subintestinal  central  nervous  appa- 
ratus. Then  the  neighbouring  margins  of  the  cords  raise 
themselves,  and  approach  each  other,  forming  between  them 
a  groove,  sometimes  very  deep,  but  having  only  a  temporary 
existence.  The  upper  cells  of  the  neighbouring  sides  force 
themselves  above  the  groove  towards  the  median  line,  where 
they  meet  and  unite  with  each  other ;  their  number  increasing 
the  groove  becomes  little  by  little  flattened  out  and  finally  dis- 
appears. The  primitive  cords  are  thus  united  into  a  median 
plate.  As  soon  as  the  union  has  taken  place,  the  cells 
group  themselves  into  a  series  of  swellings  and  constrictions. 

The  first  represent  the  ganglia,  the  second  the  connecting 
trunks.  Now,  certain  cells  placed  beneath  the  dorsal  surface 
on  each  side  are  transformed  into  an  ill-defined  granular 
substance,  which  gradually  extends  to  the  median  line  and 
forms  the  fibrous  commissural  cord.  This  developes  sepa- 
rately for  each  segment  of  the  chain,  before  the  single 
segments  become  united  among  themselves  by  a  special  con- 
ducting tissue.  The  connecting  trunks,  which  run  through 
the  whole  length  of  the  ganglionic  chain,  are  formed  later, 
simply  by  the  fusion  of  the  commissural  trunks  of  the  suc- 
cessive segments ;  hence  the  first  rudiments  play  the  part  of 
a  common  foundation  for  the  transverse  and  longitudinal 
commissures,  in  which  afterwards^  by  the  development  of 
nerve  fibres,  a  regular  apparatu^of  conducting  threads  is 
established.  In  consequence  of  tne  formation  of  the  fibril- 
lar substance,  the  parts  of  the  nervous  plate,  which  are 
destined  to  become  changed  into  ganglion  cells,  extend  on 
the  sides  and  ventral  surface  in  a  more  or  less  thickened, 
but  everywhere  continuous,  layer. 

At  intervals,  thickenings  of  this  cellular  covering  pene- 
trate deeply  into  the  interior  of  the  plate.  They  are  formed 
in  part  by  the  central  cells,  which  are*  not  transformed  into 
the  substance  of  the  commissure,  in  part  by  cells,  which 
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migrate  from  the  ventral  surface.  Then  a  fissure  appears 
between  the  cells  of  the  median  septum ;  at  first  it  is  con- 
fined to  each  segment^  but  later  extends  the  whole  length 
of  the  nervous  chain;  this  is  the  ventral  fissure  of  the 
subintestinal  nerve  cord  of  the  adult. 

My  researches  have  fully  confirmed  Kowalewsky's  im- 
portant discovery  that  the  subintestinal  nervous  chain  of 
the  annelids  arises  solely  from  the  ectoderm.  Semper's  state- 
ment that  it  is  made  up  of  an  unpaired  median  thickening 
of  the  ectoderm^  comparable  to  the  medullary  groove  of  ver- 
tebrates, and  of  two  cords  of  mesoderm ,  corresponding  to 
the  spinal  ganglia^  is  definitely  contradicted  by  the  develop- 
ment of  that  apparatus  in  the  Lumbridnu  And  further^ 
this  dogma^  which  had  for  its  object  the  reconciliation  of  the 
differences  in  the  structure  and  development  of  the  nervous 
system,  observed  in  annelids  on  the  one  hand,  and  verte- 
brates on  the  other,  has  missed  the  mark,  since  we  have 
learned  from  the  excellent  researches  of  Balfour  that  the 
spinal  ganglia  of  vertebrates  are  not  derived  from  the 
mesoderm. 

Semper  has  already  found  an  opponent  in  Hatschek,  who 
upholds  for  Lumbricus  the  origin  of  the  entire  ganglionic 
chain  from  ectoderm.  But,  beyond  this,  his  own  not  very 
clear  descriptions  appear  to  me  to  be  erroneous.  We  have 
already  noticed  that,  according  to  this  author,  the  ganglionic 
chain  is  formed  from  two  prolongations  of  the  cephalic 
medullary  plate ;  that  is  to  say,  only  the  lateral  parts  of  it, 
parts,  which  he  calls  lateral  cords,  since  a  medullary  groove, 
very  similar  to  that  of  the  vertebrates,  is  then  formed  between 
them.  It  is  true  that  in  the  development  of  the  medullary 
plate  a  fissure,  sometimes  a  very  deep  one,  is  seen  (or),  rather 
there  are  two,  differing  in  time  of  appearance  and  in  mode  of 
formation.  To  my  view  Hatschek's  figs.  2,  8  and  4  *  would 
represent  the  first.  But  here  certainlv  is  not  a  case  of 
invagination;  the  groove  besides  is  only  the  space  which 
from  the  beginning  separated  the  primitive  cords,  deepened 
in  consequence  of  the  great  thickening  of  their  neighbour- 
ing sides.  With  the  development  of  the  medullary  plate 
this  groove  disappears.  On  the  other  hand,  the  fissure  in 
fig.  6  cannot  but  be  the  second,  whose  formation  we  have 
described  above,  and  which  accordingly  has  nothing  to  do  with 
the  first.  But  what  I  do  not  know  how  to  explain  is  the 
fact  that  Hatschek  represents  the  walls  of  the  fissure  as 
being  very  obviously  separated  from  the  lateral  cells  of  th0 
plate ;  in  Lumbricus  trapezoides  there  is  not  the  least  ^racq 

*  Loc.  cit. 
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of  this.  The  secondary  groove  may^  perhaps^  be  compared 
to  the  posterior  fissure  of  the  spinal  cord  of  vertebrates^  but 
certainly  not  to  the  primitive  medullary  groove. 

Here  I  will  end,  merely  adding  further,  that  at  the  time 
of  the  differentation  of  tne  first  cells  of  the  medullary  cords 
'  the  muscular  fibres  appear  at  their  sides.  The  rudiments  of 
the  segmental  organs  resemble  those  of  Etcaxes,  represented 
by  Kowalewsky,  and  do  not  develop  from  the  septa,  as  the 
same  author  states  that  they  do  in  Lumbrictis  rubelltcs.  I 
confess  also  that  I  should  not  have  hesitated  to  describe  them 
as  invaginations  of  the  ectoderm,  if  the  very  clear  figures  in 
the  above-quoted  work  had  not  obliged  me  to  investigate  the 
the  subject  from  this  point  of  view.  Of  the  formation  of  the 
colossal  fibres,  which  Kowalewsky  believes  to  be  homologous 
with  the  notochord  of  Vertebrates,  I  know  nothing,  but 
what  Semper  describes  as  the  notochord  of  the  Naidini  is 
certainly  nothing  but  the  cells  of  the  mesodermic  sheath, 
surrounding  the  nervous  chain. 

It  is  not  possible  to  overlook  the  great  similarity  between 
the  development  of  Annelids  and  Vertebrates,  especially  in  the 
formation  and  transformation  of  the  germinal  streak.  There 
would  be  no  great  inaccuracy  in  saying  that  the  belly  of  Anne- 
lids  is  homologous  with  the  back  of  Vertebrates,  were  there  not 
serious  divergences  shown  in  the  development  of  the  neuro- 
muscular apparatus,  which  certainly  are  not  diminished  by 
the  discovery    of   the  independent  origin  of  the  cephalic 

franglion.  I,  however,  believe  that  every  well-recognised 
act,  although  it  may  be  such  as  to  appear  to  open  an  abyss 
between  two  so-called  types,  is  in  reality  a  step  in  advance 
towards  the  establishment  of  the  unity  of  the  organisation 
of  the  animal  kingdom.  I  must  defer  general  considerations 
to  a  second  part  of  this  work,  in  which  I  shall  treat  of  the 
further  development  of  the  Earth-worm,  and  more  especially 
of  the  formation  of  the  tissues. 
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The  Nematoid  H.s^icatozoa  ^Man.^  By  Timothy  Richards 
Lewis,  M.B.,  Surgeon,  Army  Medical  Department ;  Fellow 
of  the  Calcutta  University.    With  Plate  XII. 

The  literature  of  this  subject  dates  from  the  period  of  the 
publication  in  1872  of  a  paper  submitted  by  myself  to  the 
Government,  entitled  '  On  a  Hsematozoon  in  Human  Blood.'^ 
Towards  the  beginning  of  July  of  that  year,  I  found  nine  minute 
nematoid  worms  in  a  state  of  great  activity  on  a  slide  containing 
a  drop  of  blood  from  the  finger  of  a  Hindoo.  They  were  about 
-^''  in  length,  and  -a-sVr''  in  width,  or  slightly  less  than  the  average 
diameter  of  a  human  red  blood-corpuscle  (*3  mm.  x  *007  mm.). 

Unfortunately,  after  the  observation  had  been  made  the  man 
could  not  be  found  so  as  to  be  questioned  as  to  his  past  history, 
so  that  the  pathological  conditions  which  might  have  been 
associated  with  this,  the  first  recorded  instance  of  the  existence  of 
nematoid  haematozoa  in  man,  must  continue  in  obscurity. 
•  This  observation  was,  however,  followed  by  several  others  which 
have  gone  to  show  that  the  presence  of  this  particular  helminth 
in  the  blood  is  very  generally  associated  with  Chyluria  and  with 
an  allied  affection  known  as  Lymph-scrotum  or  nsevoid 
elephantiasis.  The  extent  of  this  connection  may,  in  some  degree, 
be  inferred  from  the  circumstance  that  whereas  filarise  may  occa- 
sionally be  observed  in  the  blood  of  persons  apparently  free  from 
disease  of  any  kind,  they  are,  so  far  as  my  personal  experience 
goes,  invariably  present  when  either  of  these  diseases  exist.  It 
must  be  recollected,  however,  that  the  search  for  them  sometimes 
involves  very  considerable  labour. 

These  parasites,  or  parasites  very  closely  allied,  have  now  been 
found  in  human  blood  in  manv  paits  of  the  world.  Dr.  Prospero 
Sonsino,^  in  January,  1874  (having  no  knowledge  of  previous 
observations  of  a  like  character),  found  them  in  the  person  of  a 
Jew  lad  at  Cairo.    They  have  been  found  in  China  by  Dr.  Patrick 

1  This  article  forms  a  portion  of  a  paper  entitled  "  The  Microscopio 
Organisms  found  in  the  Blood  of  Man  ana  Animals/'  which  is  shortly  to 
appear  as  an  Ap^ndix  to  '  The  Fourteenth  Annual  Heport  of  the  Sanitary 
Commissioner  with  the  Goyemment  of  India.' — ^Ed. 

^  'Eighth  Annual  Report  of  the  Sanitary  Commissioner  with  the 
Qovemment  of  India,'  1872.  Also  '  Indian  Annals  of  Medical  Science,' 
vol.  xvi. 

'  '  RichercLe  intomo  alia  Bilhansia  hiematobia  in  relazione  colla  ema- 
turia  endemica  dell'Eeitto  e  nota  intomo  ad  un  nematoideo  trovatp  nel 
tang;ue  iiipano,'    Naples,  1874, 
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Manson^  of  Amoj,  and  in  Australia  by  Dr.  Bancroft^  of  Bris- 
bane. They  have  also  been  found  in  the  blood  in  Brazil ;  and^ 
within  the  bst  few  weeks^  in  England,  by  Dr.  Hoadley  Gabb  of 
Hastings. 

In  considering  the  possible  relation  which  may  exist  between 
the  several  parasites  which  have  thus  been  found  in  different 
latitudes^  it  will  be  well  to  bear  in  mind  the  history  of  somewhat 
similar  organisms  in  the  circulation  of  dogs.  There  is  another 
matter  to  be  taken  into  consideration  as  regards  the  identification 
of  like  parasites  in  man^ — ^namely^  their  association  with  diseased 
conditions.  Are  these  conditions  invariably  of  the  same  general 
character  in  all  countries  ?  If  so,  it  would  be  sufficient  to  show 
that  a  distinct  relation  of  some  kind  existed  between  the  disease 
and  the  parasite ;  but  if  it  be  found,  notwithstanding  the  existence 
of  a  general  correspondence  between  them,  that  nevertheless 
minor  differences  were  more  or  less  constantly  present,  this  would 
indicate  either  that  some  slight  difference  existed  in  the  parasite 
itself  or  that  it  bore  no  causal  relation  to  the  disease. 

It  so  happens  that  the  nematoidhsematozoa  are  found  associated 
with  a  disease  which,  whilst  manifesting  a  close  general  resem- 
blance in  different  countries,  is  nevertheless  characterised  by  a 
marked  difference.  In  Asia,  or  at  least  in  India,  this  disease  is 
known  by  its  most  characteristic  appearance,  viz.  milkv  or  chylous 
urine;  whereas  in  Africa  and  South  America  it  is  described  as 
the  "  hsematuria"  of  various  localities,  or  as  *'  hematurie  chyleuse  " 
or  "  graisseuse,''  aterm  doubtless  adopted  on  account  of  its  being 
a  more  correct  description  of  the  malady  than  chyluria.  In  India, 
however,  although  the  term  may  be  more  or  less  applicable  at  some 
period  or  other  of  the  disease,  it  is  nevertheless  not  so  appro- 
priate, in  the  great  majority  of  cases,  and^  indeed,  in  some 
instances  is  wholly  inappropriate,  as  occasionally  no  marked 
traces  of  red  colouring  matter  can  be  detected  in  the  urine  from 
the  beginning  to  the  close  of  the  attack.  There  is  an  instance 
of  this  kind  under  my  observation  at  present  (a  European  born 
in  the  country)  sufi^ring  from  a  third  attack,  who  has  never 
detected  the  slightest  trace  of  blood  at  any  time.  It  is  of  im- 
portance that  this  feature  in  the  character  of  the  disease  accord- 
ing to  its  geographical  distribution  should  be  borne  in  mind,  as 
it  may  hereafter  be  found  that  what  at  present  are  generally 
considered  as  merely  two  phases  of  one  malady  may  each  have  a 
distinctive  etiology. 

^  '*  Report  on  Haematozoa,"  in  '  China  Gostoms  Medical  Reports/  vol. 
xiii.    Sbanehai,  1877. 

«  *0n  Urinary  and  Renal  Diseases/  by  W.  Roberts,  3rd  Edit.,  1876, 
p.  342. 

»  The  '  Lancet/  June  22, 1878,  p.  921. 
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When  in  March  1870^  I  detected  a  microscopic  nematoid  in 
urine  of  the  latter  character,  I  was  under  the  impression  that  no 
nematoid  of  any  kind  had  previously  been  found  in  any  urine 
which  could  not  be  attributed  to  accidental  circumstances.  It 
proved,  however,  that  the  late  Dr.  Otto  Wucherer  had  already 
found  a  parasite  of  a  hke  character  in  1868  in  ^*  Hamaturia 
Braziliermsy*  and  had  forwarded  specimens  to  Prof.  Leuckart  for 
identification.^  Dr.  Jules  Crevaux  succeeded  in  confirming 
Wucherer's  discovery  by  finding  (27th  July,  1870)  similar  hel- 
minths in  the  urine  of  a  young  Creole  afiected  with  a  like  disease*' 
It  is  possible  that  the  parasite  discovered  by  Wucherer  and  de- 
scribed by  him  in  December,  1868,*  may  prove  to  be  identical  with 
the  one  found  by  myself  in  March,  1870;  in  such  an  event  it  will  be 
necessary  to  seek  forsome  clue,  other  than  specific  differences  in 
the  helminths,  to  account  for  the  circumstance  that  the  disease 
with  which  they  are  associated  presents  different  characters. 

In  order  to  complete  the  sketch  of  the  history  of  nematoid 
urinary  parasites  of  this  period  it  will  be  necessary  to  refer  to  two 
other  observations,  as  it  may  be  of  assistance  to  future  writers  in 


Fig.  1. — Trichina  cystica:  Embryo  of  an  oviparous  nematode,  obtained 
'  in  urine.    (Reduced  from  Dr.  Salisbury's  figure  representing  it  as 
magnified  1000  diameters  to  =  X  300  diam. 

deciding  (1)  as  to  the  number  of  such  helminths  that  may  be 
found  in  the  urine  of  man,  and  (2)  whether  any  of  them  should 
be  considered  as  pseudo-parasitic  merely.  In  1868  Dr.  SaUsbury 
published  an  account  of  a  parasite  which  he  had  found  associated 
with  ova,  in  the  urine  of  an  insane  old  lady  suffering  from  severe 
'  cystinic  rheumatism  /  and  affected  with  partial  paralysis  of  the 
bladder  and  of  other  parts  of  the  body.  A  drop  of  urine 
frequently  contained  10  to  15  ova.  It  was  not  a  case  either  of 
haematuria  or  chy  luria,  although  it  is  sometimes  erroneously  stated 
that  she  was  suffering  from  the  latter  disease.  This  impression 
has  arisen  from  the  fact  of  cystinuria  having  been  confounded 
with  chyluria,  two  totally  different  disorders.  The  helminth  is 
described  as  Trichina  cystica  (fig.  1). 

^  "Annual  Keport  of  the  Sanitary  Commissioner  with  the  Government 
of  India,"  1870.    « British  Medical  Journal/  19th  November,  1870. 
^  Leuckarfs  '  Farasiten,*  Band,  ii,  p.  640. 

»  Idem ;  and  'Journal  de  TAnatomie  et  de  la  Physiologie,'  t.  xi,  1875. 
*  '  Gaj^eta  da  Bahin,*  December,  1868. 
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Writing  in  1872  Dr.  Cobboldj  after  describing  the  histonr  of  a 
little  ^1  who  had  been  suffering  from  heematuria  associatea  with 
the  Distomum  hsematobinmj  refers  to  the  circumstance  that  he 
obtained  from  the  patient  some  other  urinary  parasites  in  tAe 
egg  condition.^  ^*  On  five  separate  occasions^''  writes  Dr.  Cobbold, 
^'  I  obtained  one  or  more  specimens  of  the  eggs  or  embryos  of  a 
minute  nematode.  In  one  mstance  there  were  about  fifty  of  these 
ova  in  the  urine  :  their  embryonic  contents  being  well  developed^ 
and  in  a  state  of  activity.  Usually  they  were  all  in  this  advanced 
condition;  but  on  the  25th  of  July^  1870^ several  were  observed 
in  much  earlier  stages  of  development."  The  fully  grown  ^gs 
gave  a  longitudinal  measurement  of  -j^  "  by  T^tb"  ^  breadth. 
Judging  from  the  description  of  the  ova  and  their  contained 
embryos,  it  would  seem  that  the  parental  form  must  have  been 
oviparous.  The  embryos,  when  freed  artificially  from  the  egg, 
measured  -^'  in  length  by  tsVtt"  "i  breadth.  On  two 
occasions  free  dead  specimens  were  observed  which  had  been  lying 
in  water  some  time,  and  these  measured  -y^^''  by  toW"  The 
parents  of  the  patient  had  mentioned  that  the  latter  had  *^  passed 
three  small  vermiform  entozoa  bv  the  urethra.''^ 

Dr.  Cobbold  writes :  "  I  have  been  thus  particular  in  recording 
these  facts,  because  future  discoveries  may  enable  us  to  identify 


Fig.  2.— Ova  and  freed  embryos  of  an  oviparous  nematode;  obtained  in 
urine.    (After  Cobbold.) 

the  species  of  nematode  to  which  these  ova  are  referable.  I  know 
only  one  set  of  observations  on  record  which  refer  to  this  same 
species  of  parasite.''  The  parasite  referred  to  is  the  above-cited 
Trichina  cystica.  As  it  may  be  a  convenience  to  future  observers 
to  be  able  to  judge  of  these  matters  for  themselves  in  the  absence 
of  the  original  papers,  I  have  reproduced  Dr.  Cobbold's  illustra- 
tions, together  with  a  reduced  outlme  of  Dr.  Salisbury's  figure. 
The  reduction  has  been  effected  by  means  of  a  camera  lucida,  so 

^  Daring  the  last  seven  years  I  must  have  examined  the  sediment  of  very 
many  gallons  of  chylous  urine,  but  never  observed  any  ova  of  nematodes, 
tbou^hy  from  time  tp  t|me,  I  have  found  many  hundreds  of  embryos, 
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as  to  represent  the  helminth  as  magnified  300  diameters  instead 
of  1000  as  in  the  original.  This  will  facilitate  comparison  with 
Dr.  Cobbold's  figure  representing  his  nematoid  ova  parasites^ 
(fig.  2).  Notwithstanding  the  discrepancy  in  size.  Dr.  Cobbold 
considers  that  the  helminths  are  referable  to  one  and  the  same 
species.  ^  They  are  both  manifestly  the  oiDbpring  of  some 
oviparous  nematode ;  further  than  that  it  is^  I  thmk,  hardly  safe 
to  carry  the  comparison. 

The  figures  will  also  serve  to  elucidate  another  matter,  as  Dr. 
Cobbold  has  since  asserted  that  his  parasite  is  not  only  identical 
with  Dr.  Salisbury's,  but  also  identical  with  the  Filaria  sanguinis 
Aominu,^  a  figure  of  which  under  a  somewhat  like  magnifying 
power  will  be  found  in  PL  XII  (figs.  8  and  5).  Dr.  Douglas 
Cunningham  several  years  ago  pointed  out  that  such  a  view  was 
untenable  ;^  moreover,  the  mature  Filaria  sanguinis  Aominii  is 
not  oviparous  but  viviparous. 

Changes  tjkdeugone  bt  the  Embbyos  of  Nematoid  H^ma* 

TOZOA  when  ingested  BY  THE  MoSQUITO. 

It  would  occupy  too  much  space  to  attempt  an  epitome  of  all 
that  has  been  wntten  regarding  the  Filana  sanguinis-hominis 
and  the  somewhat  numerous  diseases  which  have  been  ascribed  to 
its  influence,  so  that  for  the  present  the  foregoing  must  suffice. 
It  remains  to  be  considered  how  it  is  that  the  embrvos  get  into 
the  circulation  and  what  becomes  of  them  afterwards.  A  most 
important  step  towards  the  solution  of  these  queries  has  recently 
been  made  by  Dr.  Patrick  Manson  of  Amoy.*  He  has  shown 
that,  immediately  after  a  mosquito  has  fed  itself  on  the  body  of 
a  filaria-affected  individual,  the  insect's  stomach  will  contain  living 
examples  of  the  hsematozoon ;  and  that  the  latter  will  attain  con- 
siderable progress  towards  maturity  therein,  in  the  course  of  a  few 
days.  It  is  believed  that  it  then  escapes  firom  the  mosquito  when 
tha  latter  dies  in  the  water  to  which  it  betakes  itself,  and  the 
filariae  thus  find  their  way  into  the  human  body.  Dr.  Hanson's 
highly  interesting  paper  gives  a  full  account  of  the  various 
developmental  stages,  together  with  figures  of  the  object  as  they 
appear  firom  time  to  time. 

1  have  repeated  many  of  Dr.  Hansen's  experiments  and  have 
been  able  to  satisfy  myself,  from  personal  observation,  that  his 
statements  as  to  what  occurs  in  China  may,  in  most  particulars, 
be  made  applicable  to  India  also.    I  had  on  many  occasions  ex- 

>  '  British  Medical  Joornal/  July  27, 1872,  page  92. 

«  '  London  Medical  Record/  No.  i,  vol  i,  1873 ;  the  « Lancet/  July  13, 
1878,  p.  64. 

>  The  <  Lancet/  Jane  14, 1873,  page  835. 
«  'China  Giutoms  Keport/  No.  xiv,  1878. 
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amined  the  stomachs  of  mosquitoes  and  of  other  suctorial  insects 
in  a  cursory  fashion  during  the  last  few  years,  but  had  never  de- 
tected parasites  resembling  the  Filaria  sanguinis.  When,  how- 
ever, I  learnt  of  Dr.  Hanson's  success,  I  proceeded  to  make 
examinations  in  a  systematic  manner,  and  found,  to  my  surprise, 
that  14  per  cent,  of  the  insects,  caught  at  random  and  then  ex- 
amined, contained  such  embryos.^  It  became,  therefore,'  manifest 
that  filarious  blood  must  be  a  tolerably  common  occurrence. 

At  first  I  was  not  successful  in  being  able  to  detect  any  but 
disintegrative  changes  in  the  ingested  parasite  owing  to  the 
circumstance  that  I  had  carefully  restricted  the  examination  to  the 
contents  of  the  stomach  only.  This  was  done  in  order  to 
diminish  tiie  risk  of  confounding  the  various  stages  which  the 
embryo-filaris  might  undergo  with  some  other  parasites  which 
might  exist  among  the  tissues  of  this,  as  of  other  insects.  The 
parasites  were,  in  ract,  found  to  be  digested.  Leuckart'  mentions 
that  a  similar  result  was  observed  by  Fedschenko  to  follow  the 
ingestion  of  Dracunculus-embryosin  the  stomach  of  the  Cyclops. 
The  latter  is  believed  to  serve  as  an  intermediary  host  for  the 
development  of  the  guinea  worm,  the  embryos  getting  into  the 
body  of  the  Cyclops  by  piercing  the  cuticle.  When,  on  the  other 
hand,  the  embryos  are  swallowed  they  are  digested. 

In  the  course  of  the  foregoing  observations  it  was  observed 
that  all  the  mosquitoes  captured  in  one  of  the  servants'  houses 
contained  hsematozoa  of  the  same  character,  and  it  was  found 
that  one  of  the  five  persons  dwelling  in  this  house  harboured 
filarise  in  the  blood.  The  man  had  been  many  years  in  the  place 
and  is  not  known  to  have  suffered  from  any  special  disease. 

The  circumstance  that  such  a  constant  supply  of  filarious 
mosquitoes,  of  tolerably  certain  history,  was  available,  materially 
simplified  the  course  of  investigation,  which,  briefly  told,  was  as 
follows : 

Insects  were  caught  early  in  the  morning  in  the  room  in  which 
this  persons  had  slept,  just  as  Dr.  Manson  had  done.  Some  were 
placed  in  bell  glasses  standing  in  water,  others  in  test-tubes  con- 
taining a  little  water  at  the  bottom  and  covered  with  a  strip  of 
muslin.  These  were  duly  labelled  and  set  aside  for  periooical 
examination. 

When  the  insect  was  examined  with  recently  ingested  blood 
in  its  stomach,  it  was  found  that  the  hsematozoa,  when  present, 
did  not  differ  materially  from  the  aspect  presented  by  them  when 
extracted  directly  from  the  blood  of  its  previous  host  (PI.  XII,  fig. 
5),  although,  not  unfrequently, parasites  would  also  be  seen  which 

^  '  Proceedings  of  the  Asiatic  Society  of  Bengal/  March,  1878,  p.  89. 
*  Op.  oit.i  Band  ii,  p.  706. 
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either  belonged  to  a  more  advanced  stage  of  the  one  under  con- 
sideration, the  result  of  a  previous  ingestion  of  filarious  blood,  or 
belonged  to  a  totally  different  kind.  There  is  always,  therefore, 
a  risk  of  confusing  different  parasites  in  the  same  insect.  Ee- 
peated  examinations  at  the  same  periods  tend,  however,  to 
minimise  this  source  of  error.  During  the  first  twenty-four 
hours  no  marked  change  takes  place  in  the  form  of  the  organisms. 

On  the  second  day,  however,  it  will  probably  be  seen  that  the 
blood  hsA,  to  a  considerable  extent,  undergone  digestion,  and 
the  stomach  will  no  longer  manifest  the  distended  condition  of. 
the  first  day.  Probably  a  few  altered  hsematozoa  will  be  observed 
in  it  moving  very  langmdly,  presenting  the  appearance  of  partially 
disintegrated  fungal  filaments  when  the  movements  are  not  mani- 
fested. Some  of  them  may  be  actually  dead;  these  will  be 
found  to  be  stained  bv  eosin  solution  very  readily. 

Between  the  second  and  the  third  day  further  changes  occur, 
but  in  order  to  be  able  to  follow  these  it  will  be  necessary  to 
examine  the  other  tissues  of  the  insect,  as  possibly  the  stomach 
may  contain  none;  it  will,  however,  probably  be  found  that 
some  of  them  have  migrated  into  the  tissues  immediately  out- 
side this  viscus.  It  will  now  be  observed  that  some  of  the 
parasites  have  become  considerably  thicker  (fig.  7) ;  and  occa- 
sionally specimens  will  be  seen  with  the  tail  presenting  the 
appearance  of  a  lash  (fig.  9) ;  the  movements  are  still  very 
sli^gish. 

About  the  fourth  day  it  is  probable  that  examples  in  various 
stages  of  growth  will  be  visible,  rendering  it  extremely  difficult 
or  impossible  to  state  precisely  what  it  is  that  actually  does  take 
place ;  at  least  hitherto  I  have  not  been  able  to  satisfy  myself. 
About  this  period,  however,  I  have  sometimes  seen  bodies, 
apparently  composed  of  precisely  the  same  material  as  figs.  6,  7, 
9,  undergoing  something  so  very  Uke  cleavage  (fig.  8)  that  T 
hesitate  to  state  that  this  act  is  not  one  of  the  stages  in  the 
development  of  the  filaria.  The  figure  given  (No.  8)  is  very 
carefully  sketched,  and,  like  all  the  others,  accurately  to  scale.  It 
will  be  noticed  that  one  end  is  partially  hidden  by  some  granular 
matter.  This  I  was  not  able  to  press  away  from  the  preparation. 
Other  preparations  of  a  like  kind  were  also  more  or  less  hidden 
by  granular  matter,  and  in  some  cases  (unassociated,  however, 
with  any  indications  of  fission)  the  parasite  appeared  to  be 
covered  with  an  encrustation.  With  regard  to  the  process  of 
division  suggested  by  the  appearance  of  No.  8  I  can  offer  no 
opinion ;  it  is  quite  possible  that  it  forms  a  part  of  the  develop- 
mental changes  undergone  by  some  other  parasite, — such,  for 
instance,  as  a  gregarine.  About  the  fourth  day  there  will  also 
be  seen  short,  thick  bodies  (very  appropriately  described  by  Dr. 
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Manson  as  '^  sausage-shaped '')^  almost  perfectly  still  (fig.  10)^ 
with  a  faint  indioation  of  a  month ;  and^  in  some  of  them^  a 
faint  line  maj  be  detected  suggestive  of  a  commencing  intestinal 
canal ;  the  escape  of  a  few  grannies  on  slight  pressure  towards 
the  other,  usually  thicker^  end,  suggests  the  existence  of  an  anal 
aperture.  The  chief  difficulty  which  I  have  experienced  in 
following  these  changes  is  to  account  for  the  transition  of  form 
at  figure  7  to  that  represented  in  figure  10.  They  are  all,  up  to 
this  figure,  sketched  as  magnified  by  300. 

The  larval  forms  at  fig.  10  now  rapidly  increase  in  size,  and 
^adually  acquire  a  more  elongated  outline,  and  between  the 
fourth  and  fifth  day  they  may  be  found  presenting  the  form 
shown  at  fig.  11.  The  last  figure,  it  will  be  noticed,  is  magnified 
100  diameters  only,  and  the  length  of  the  larvae,  therefore,  is 
almost  three  times  that  of  those  delineated  at  fig.  10.  They  also 
manifest  greater  activity. 

The  highest  stage  of  development  which  has  come  under  my 
notice  is  that  figured  at  12  as  seen  magnified  100  diameters. 
The  anterior  and  posterior  portions  of  a  similar  one,  magnified 
800  diameters,  are  delineated  at  fig.  IS.  This  measured  -^  of 
an  inch  in  length,  and  its  width  towards  the  middle  was  ^^^ ; 
near  the  anterior  and  posterior  ends  they  measured  -^-q''  across. 
The  dimensions  of  another  specimen  which  1  measured  were  -j^" 
in  length  by  -n^''  ^^  width  at  the  broadest  part.  Dr.  Manson 
mentions  that  he'  has  on  four  occasions  observed  larger  speci- 
mens than  these. 

Notwithstanding  their  activity  and  apparently  robust  condition, 
they  nevertheless  are  extremely  fragile,  very  slight  pressure  of 
the  cover-glass  being  sufficient  to  crush  them.  When  examined 
in  the  unbroken  condition  it  is  only  with  difficulty  that  the  ali- 
mentary canal  can  be  distinguised  beyond  the  junction  of  the 
oesophagus  with  the  intestine,  but  when  carefully  ruptured  (as  in 
fig.  12)  the  tube  may  be  distinguished.  I  have  not  been  able 
to  distmguish  any  other  differentiated  viscus  in  any  of  the  speci- 
mens which  have  come  under  my  observation,  and,  certainly, 
nothing  suggestive  of  differentiation  of  sex. 

By  the  time  that  the  larval  filarise  have  attained  to  this  de^e 
of  development,  the  mosquito  will  possibly  have  already  deposited 
its  ova  and  its  own  cycle  will  have  been  nearly  comj^leted.  With 
the  intention  of  following  out  the  development  still  further,  I 
have  frequently  kept  insects  until  this  stage  was  reached  before 
examination,  but  all  the  attempts  have  proved  fruitless,  notwith- 
standing that  the  mosquito  has  been  seen  to  go  tlirough  its 
ordinary  course  6f  depositing  its  ova  on  the  surface  of  water,  and 
then  perishing  itself.  Either  no  filarias  were  found  in  its  body, 
or  if  present  they  were  dead,  and  careful  examination  of  the 
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water  invariably  yielded  negative  results  in  my  hands.  It  would 
seem  that  the  larvae  had  perished.  As  the  quantity  of  water 
used  was  so  small^  it  is  hardly  possible^  had  lilarise  in  any  stage 
of  growth  been  present,  that  they  could  have  so  completely 
escaped  observation.  Possibly  the  more  or  less  artificial  condi- 
tions necessarily  associated  with  the  conduct  of  such  experiments 
may  account  for  these  negative  results.  In  the  meantime  I 
cannot^  as  a  result  of  personal  observation,  affirm  that  a  sojourn 
in  the  body  of  the  mosquito^  and  subsequent  transference  to 
water,  suffice  to  bring  the  Mlaria  Banguinis-hominia  to  maturity. 

A  few  words  may  be  said  regarding  other  hsematozoic  parasites 
which  appear  to  find  their  way  into  the  bodies  of  mosquitoes. 
In  the  first  place,  it  may  be  mentioned  that  dog9  appear  to 
furnish  a  certain  proportion,  as  I  have  repeatedly  found  Filariae 
in  these  insects  in  which  not  the  slightest  trace  of  the  envelop- 
ing cyst,  which  characterises  the  human  hsematozoon,  could  be 
detected.  Unfortunately  the  corpuscles  of  the  dog's  blood  are 
so  like  those  of  man,  as  to  size  and  appearance,  that  it  is  not 
possible  to  distinguish  them  with  certainty,  so  that  the  examina- 
tion of  the  fluid  contents  of  the  mosquito's  stomach  does  not 
tend  to  throw  any  light  on  the  source  of  the  hsematozoa  in  this 
instance.  It  is  probable  that  other  animals  also  contribute  to- 
wards rendering  the  diagnosis  more  difficult. 


EiG.  3  .        .        .        .     X  500diam. 

Embryos  of  a  nematoid  helminth  from  a  bird,  obtained  in  the  stomach  of  a 
mosquito.    A  few  blood-corpuscles  are  included  in  the  sketch. 

It  is  not  uncommon,  for  example,  to  find  the  blood-corpuscles 
of  birds  forming  a  portion  of  the  contents  of  the  mosquito's 
stomach,  and  I  have  on  several  occasions  observed  extremely 
small  embryo-nematodes  associated  with  such  corpuscles.  Some 
of  these  are  represented  in  the  accompanying  woodcut  (fig.  8). 
If  these  helminths  be  compared  with  the  figure  given  of  the 
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hsematozoon  of  the  crow^^  they  will  be  found  to  bear  a  close 
resemblance  to  it.  It  is  very  possible  that  these  embryos 
may  not  have  been  derived  from  the  crow,  but  there  can  be  but 
little  doubt,  judging  from  the  character  of  the  red  blood-cor- 
puscles^ that  thej  had  been  derived  from  some  bird.  Facts  of  this 
kind  also  add  to  the  difficulty  of  ascertaining  precisely  the 
various  developmental  processes  which  any  particular  species  of 
hsematozoon  undergo. 

The  Mature  form  op  Filaria  sanguinis-hominis. 

A  letter  appeared  in  the  *  Lancet*  of  14th  July,  1 877,  from  Dr. 
Cobbold,  announcing  the  discovery  of  Dr.  Bancroft,  of  Brisbane, 
Australia,  of  what  was  believed  to  be  the  mature  Filaria  aau' 
guinia.  They  had  been  found  on  two  occasions ;  on  the  firsts  a 
dead  specimen  was  found  in  a  lymphatic  abscess  of  the  arm ;  and 
the  second  time  four  living  specimens  were  obtained  whilst  tap- 
ping a  hydrocele  of  the  spermatic  cord.  Begarding  these  Dr. 
Bancroft  had  written  the  following  description:  ''The  worm  is 
about  the  thickness  of  a  human  hair,  and  is  from  three  to  four 
inches  long.  By  two  loops  from  the  centre  of  the  body  it  emits 
the  filarise  described  by  Carter  in  immense  numbers.'* 

During  the  last  six  years  I  have  taken  considerable  interest  in 

Jjuestions  of  this  nature,  and  have,  through  the  kindness  of  pro- 
essional  friends  in  Lidia,  had  frequent  opportunities  of  searching 
for  the  parental  form  of  the  Filaria  sanguinis-hominis,  but  only 
succeeded  in  obtaining  it  on  one  occasion.  This  was  a  little  more 
than  a  year  ago — 7th  August,  1877.  Descriptions  of  the  speci- 
mens  were  published  at  the  time,^  but,  in  a  paper  dealing  with 
the  organisms  of  the  blood,  a  brief  account  of  these  particulars 
should  find  a  place. 

For  the  opportunity  of  examining  the  particular  case  in  which 
the  filariae  were  found  I  am  indebted  to  the  kindness  of  the  late 
Dr.  Gayer.  The  patient  was  a  young  Bengalee  affected  with 
well-marked  nsevoid  elephantiasis  of  the  scrotum,  associated  with 
the  presence  of  embryo-filarise  in  the  blood.  The  tumour  and 
the  sanguineous  exudation  which  escaped  on  its  removal  were 
collected^  and  submitted  to  careful  examination,  and,  after  a 
continuous  search  of  eight  hours,  the  long  sought-for  helminth 
was  eventually  obtained.  The  specimens  were,  however,  so  greatly 
mangled  by  the  needles  used  in  teasing  a  clot  under  a  dissecting 

*  We  hope  to  be  able  to  reproduce  the  section  of  the  monograph  dealing 
with  the  microscopic  haematozoa  of  animals  in  our  next  number. — ^£d. 

2  'Indian  Medical  Gazette,  1st  September,  1877;  '  The  Lancet,' 29th 
September,  1877,  p.  453 ;  '  Centralblatt  fiir  die  medicinisohe  Wissen- 
8chaften,'No.43;  1877,p.770. 
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microscope,  that  the  description  of  parental  forms  cannot  at 
present  be  so  complete  as  desired. 

The  specimens  consisted  of  portions  of  two  worms,  male  and 
female  (Plate  XII,  figs.  1  to  4) ;  the  former,  however,  had  unfortu- 
nately been  torn  across  at  two  places,  and  the  terminal  ends  could 
not  be  discovered.  Both  specimens  manifested  very  lively  move- 
ments, notwithstanding  their  mangled  condition.  They  were  of 
a  white  colour,  the  cuticle  was  smooth  and  devoid  of  transverse 
markings,  except  such  as  were  due  to  the  contraction  of  the  sub- 
jacent muscular  walls. 

The  fragment  of  the  male  specimen  which  was  found  measured 
half  an  inch  in  length,  and  -pfo  of  an  inch  ('l^  mm.)  trans- 
versely; it  was  thinner  than  the  female,  but  of  considerably  firmer 
texture — so  firm,  indeed,  that  whilst  endeavouring  to  make  out 
its  anatomy  a  considerable  portion  of  it  was  lost  by  one  of  the 
needles  used  for  dissecting  snapping,  and  carrying  a  portion  of 
worm  along  with  it.  On  tearing  the  helminth  across,  the  severed 
surface  does  not  present  a  ragged  edge,  but  an  even  outline 
(PI.  XII,  fig.  4).  The  male  manifested  also  a  great  tendency  to 
coil,  and  it  was  only  with  diiBculty  that  it  could  be  separated 
from  the  specimen  of  the  female  parasite,  around  a  portion  of 
which  it  had  twisted  itself.  It  is  unfortunate  that  its  caudal  end 
especially  could  not  he  found,  as  the  definite  decision  of  the 
genus  to  which  it  should  be  referred  depends  in  a  great  measure 
on  the  characters  which  the  posterior  end  of  the  male  worm 
presents.  The  intestinal  canal  measured  ^/'  (*039  mm.) 
across,  and  the  sperm  tube  yrVir"  ('016  mm.). 

The  caudal  end  of  the  female  worm  also  had  been  severed,  and 
could  not  be  found;  this,  however,  is  of  less  moment.  The 
length  of  the  portion  of  the  helminth  secured  was  li  inch,  and 
its  greatest  width  about  -i-^75^  inch.  It  was  packed  with  ova  and 
embryos  in  various  stages  of  development ;  the  latter,  especially 
those  of  them  which  were  mature,  manifested  active  movements. 
The  head  is  slightly  club-shaped ;  the  mouth  does  not  manifest 
anv  very  distinctly  marked  labial  subdivisions,  nor  are  there  any 
chitinous  processes  evident,  either  before  or  after  death.  The 
oesophagus  is  faintly  striated,  and  shades  oS  imperceptibly  into 
the  intestinal  tube,  the  latter  being  filled  with  moleculo-granular 
matter. 

The  following  measurements  may  be  useful  to  future  ob- 
servers : 
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Oral  aperture  to  end  of  oesophagus     •        •  ^^^  of  an  inch,  or   '45  mm. 

Diameter  of  oral  aperture  ...        .  -^^  „  „  '008  „ 

Width  of  extreme  end  (anterior)      *  .        .  q^t  »  >»  '^^^  » 

Ditto     anterior  end  at  **  neck "       .        .  j^  „  „  '045  „ 

Ditto     opposite  junction  of  intest  ine  with 

oesophagus ah  >*  »>  *112  „ 

Ditto     about  i  inch  from  anterior  end    .  -y^^  „  „  '162  „ 

Width  where  packed  with  ova  and  embryos  y^  „  „  '25  „ 

Width- of  uterine  tube  filled  with  ova  ^  „  „  •112  „ 

Ditto     alimentary  tube          .        .        .  ^  „  „  '037  „ 

The  ova  do  not  possess  any  distinctly  marked  *' shell /^  from 
the  smallest  to  the  largest  nothing  but  a  delicate  pellicle  can  be 
distinguished  as  enveloping  the  embryo  in  all  its  stages;  conse- 
quently the  form  assumed  by  the  ovum  depends  to  a  great  extent 
on  the  degree  of  the  surrounding  pressure.  In  fig.  3  (Plate  XII; 
ova  of  various  shapes  are  depicted  (spherical,  triangular,  oval), 
and  with  a  considerable  latitude  as  to  size.  The  average  of  six 
measurements  of  the  less  advanced  kinds  of  ova,  i.  e.  those  in 
which  the  outline  of  the  embryo  was  not  distinctly  evident 
=  _.^i^"  (-018  mm.)  by  -^yj'  (-01^  ^^')  I  whilst  the  average 
measurements  of  three  ova  in  which  the  embryos  were  visible 
=  ,i^''  (-037  mm.)  by  y^V'.C030  mm.). 

When  the  latter,  after  having  arrived  at  this  stage  of  deve- 
lopment, are  examined  during  life,  it  is  in  many  instances  diffi- 
cult to  state  whether  they  are  to  be  considered  as  freed  embryos 
or  not,  as  the  "  egg-shell^'  has  become  so  extremely  attenuated 
and  translucent  as  only  with  difficulty  to  be  distinguished.  By 
pressing  the  covering  glass  firmly  the  sac  may  often  be  ruptured. 
It,  however,  appears  probable  that,  even  when  the  embryo 
acquires  worm-like  appearances,  the  envelope  is  not  lost  in  this 
species  so  long  as  it  continues  in  the  blood. 

It  is  of  importance  to  bear  this  in  mind,  as,  contrary  to  what 
is  seen  with  regard  to  the  nematoid  hsematozoa  of  dogs,  the 
embryos  in  the  blood  of  man  are  each  contained  in  a  translucent 
coecal  tube.  This  tube  is  readily  recognisable  during  life  when- 
ever the  embryos  can  be  properly  observed  in  fresh  clear  serum, 
as  also  in  spirit-preserved  preparations.  I  possess  at  the  present 
time  specimens  thus  preserveid  of  both  species,  one  being  con- 
tained in  blood  removed  from  the  heart  of  a  person,  who  during 
life,  was  known  to  harbour  hsematozoa,  and  the  other  obtained 
from  the  blood-vessels  of  a  dog  similarly  aflected.  In  not  a 
single  instance  have  I  been  able  to  distinguish  the  least  trace  of 
an  enveloping  tube  in  the  latter,  whereas  in  the  former  this  tube 
can  be  clearly  demonstrated  in  the  majority  of  instances.  Hence, 
notwithstanding  their  almost  complete  accord  as  to  dimensions, 
the  character  just  referred  to  is  sufficient  to  distinguish  slides 
prepared  from  either  of  these  two  specimens*    A  like  distinction 
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has  been  ascertained  to  exist  between  the  two  kinds  of  embryo 
filarise  in  China  by  Dr.  Manson ;  but,  according  to  Dr.  Sonsino, 
those  of  Egypt,  and  apparently  those  of  the  Brazils,  do  not  pre- 
sent this  distinguishing  feature.  As  may  be  recollected  it  was 
mentioned  that  a  distinction  also  exists  between  the  disease  with 
which  the  human  hsematozoon  is  associated  in  the  different  coun- 
tries— not  a  great  difference  certainly,  but,  nevertheless,  one 
which  should  be  borne  in  mind  when  deciding  as  to  specific  dis- 
tinctions between  the  parasites. 

It  must  also  not  be  forgotten  that  the  inhabitants  of  Brazil 
and  of  certain  parts  of  Africa  are,  as  has  been  known  for  at 
least  a  century,  peculiarly  liable  to  be  the  hosts  of  tissue-para- 
sites.  The  minute  thread-like  sub-conjunctival  filaria  {Filaria 
loa),  for  example,  though  from  two  to  six  inches  in  length,  has 
never  been  accurately  described,  and  its  precise  thickness  is  not 
known  yet,  although  it  was  discovered  by  Bajon  so  long  ago  as 
1768,^  and  has  since  been  frequently  observed  beneath  the  skin 
and  conjunctiva  of  negroes  and  other  persons.  M.  Guyon 
brought  it  before  the  notice  of  the  French  Academy  in  1838, 
and  again  in  1864.  On  the  former  occasion,  the  specimens 
measured  30 — 40  mm.,  but  the  helminth  described  in  1864  was 
150  mm.,  in  length.  It  is  not  quite  clear  that  they  belonged  to 
the  same  species.  It  is  not  impossible  that  the  embryos  dis- 
covered by  Dr.  O'NeilF  in  a  disease  of  the  skin  termed  Craw- 
craw,  on  the  west  coast  of  Africa,  may  prove  to  have  been  the 
offspring  of  some  such  helminth. 

Again,  the  minute,  thread-like  nematoid  described  in  America 
by  Leidy,  five  inches  in  length  and  ,jV  inch  in  greatest  breadth, 
is  not  to  be  overlooked.  It  was  obtained  from  the  mouth  of  a 
child,  and  derives  its  name — Filaria  hominis  oriiP — from  this  cir- 
cumstance. 

All  these  circumstances  point  to  the  necessity  of  exercbing 
considerable  caution  in  arriving  at  any  decision  as  to  the  precise 
relation  of  any  of  these  as  yet  obscure  parasites. 

With  regard  to  the  helminths  discovered  by  Dr.  Bancroft  in  / 
Australia,  1  am  not  in  a  position  to  offer  an  opinion.  It  has  not  \ 
yet  been  shown  that  they  are  blood-worms  in  the  ordinary  sense 
of  the  term,  nor  is  it  known  that  the  individual  from  whom  they 
were  obtained  harboured  embryo  haematozoa.  It  is  further  to  be 
remarked  that  the  affections  under  which  the  persons  laboured 
from  which  they  were  derived  were  not  of  the  character  of  the  dis- 
eases with  which  these  hsematozoa  have  hitherto  been  known  to 

1  'Comptes  Rendus,'  t.  lix,  1864,  p.  745. 
»  *  The  Lancet/  Feb.  10, 1875,  p.  265. 

>  '  Proceedings  of  the  Academy  of  Natural  Science/  Philadelphia,  vol.  v, 
1850-61. 
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be  associated ;  indeed,  it  would  appear  that  one  of  the  principal 
morbid  conditions  with  which  they  are  associated  in  this  country 
— nsevoid  elephantiasis — is  unknown  in  Australia.  It  may  also 
be  noteworthy  that  no  male  worm  was  found  among  the 
specimens. 

Dr.  Cobbold  is,  however,  of  opinion  that  they  are  identical, 
and  it  would  be  superfluous  to  say  that  the  opinion  of  one  who 
has  devoted  so  many  years  to  the  study  of  helminths  is  entitled 
to  consideration.  This  observer  has  lately  (the '  Lancet,^  July 
13,  1878)  given  a  summary  of  the  bibliography,  &c.,  of  these 
questions,  in  which  I  observe  a  slight  error.  It  is  with  reference 
to  the  mature  nematoid  helminths  found  in  Australia.  These,  Dr. 
Cobbold  states,  were  "  first  discovered  by  Dr.  Bancroft  and  first 
described  by  myself/'  It  seems  to  me,  however,  that  not  only 
did  Dr.  Bancroft  discover  the  parasite,  but  also  furnished  the  first 
account  of  them  which  appeared.  It  is  possible  that  the  descrip- 
tion supplied  by  Dr.  Bancroft,  which  is  quoted  on  a  previous  page, 
is  not  considered  sufficiently  precise  to  be  accepted  as  such,  from  a 
naturalist's  point  of  view.  Allowing  this,  if,  as  Dr.  Cobbold 
maintains,  the  Australian  and  Indian  parasites  are  identical,  the 
first  full  account  of  the  mature  Filaria  sanguinis  Aominis,  as  found 
in  India,  was  published,  both  in  this  country  and  in  London, 
previous  to  the  appearance  of  Dr.  Cobbold's  description — having, 
indeed,  been  in  the  printer's  hands  before  Dr.  Cobbold  had  even 
seen  the  Australian  parasites.  Dr.  Cobbold,  moreover,  refers  to 
such  prior  publication  in  the  appendix  to  his  own  article. 

This  trimng  oversight  will,  I  have  no  doubt,  be  duly  corrected 
should  this  distinguished  observer  have  occasion  to  write  regard- 
ing  these  subjects  in  the  future. 

In  considering  the  question  of  the  relation  which  may  exist 
between  the  presence  of  organisms  in  the  circulation  and  disease, 
the  conclusion  is  forced  upon  us  that  in  reality  but  little  of  a 
definite  character  is  known.  One  thing,  however,  is  clearly  mani- 
fest, that  the  supposition  that  beings  become  asphyxiated  as  a 
result  of  the  existence  of  living  organisms  in  the  blood,  is 
untenable.  The  study  of  their  natural  history  as  they  occur  in 
man  or  animals  does  not  afford  the  slightest  support  to  such  a 
view.  Indeed,  so  far  as  we  at  present  know,  it  would  seem  that 
the  presence  of  embryos  in  the  blood,  no  matter  how  numerous, 
exercises  no  marked  deleterious  effect  on  the  organism.  It  is 
probable,  however,  that  the  parents  of  these  organisms,  especially 
when  helminthic,  do  exert  a  deleterious  influence  on  the  well- 
being  of  their  hosts, — as,  for  example,  the  lesions  which  exist  in 
the  walls  of  the  blood-vessels  caused  by  the  Filaria  sanguinolenta, 
would  seem  to  indicate.  With  regard  to  allied  conditions  in 
man,  it  is  to  be  inferred  that  the  influence  exerted  by  nematoid 
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embryos  in  inducing  disease  is  apt  to  be  overrated^  as  it  would 
seem  that  the  parasites  may  sojourn  for  long  periods  in  the  system 
without  inflicting  obvious  injury.  That  certain  injuries  are 
effected,  however,  cannot  well  be  doubted,  but,  judging  from 
what  we  know  of  the  like  condition  in  animals,  ibe  injuries 
result,  not  from  direct  action  of  living  organisms  on  the  blood 
current  in  which  they  dwell,  but  from  their  action  on  some  of  the 
delicate  tissues  through  which  the  blood  circulates — such  in- 
jurious influence  «being  probably  exerted,  more  especially  during 
the  migrations  of  the  parents  of  future  embryo-hssmatozoa. 

Calcutta  ; 

Jn^i,  1878. 
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Notes  on  some  of  the  Reticularian  Rhizofoda  of  the 
"Challenger"  Expedition.  By  Henry  B.  Brady, 
F.R.S.    With  Plate  VIII. 

II. — Additions  to  the  knowledge  of  Porcellanous  and 
Hyaline  types. 

In  a  former  paper  Q  Quart.  Journ.'  for  January)  a  brief 
notice  was  given  of  a  few  of  the  more  interesting  types  of 
Arenaceous  Rhizopoda  occurring  in  the  dredged  stuff  brought 
home  by  Sir  C.  Wyville  Thomson  and  the  scientific  staff  of 
the  "Challenger"  Expedition, and  I  propose  now  to  describe 
a  limited  number  of  forms  pertaining  to  other  groups  of  the 
Foraminifera,  concerning  which  &esh  facts  have  been 
gathered,  tending  to  elucidate  the  natural  history  of  the 
order. 

Porcellanea.     ^ 

In  no  section  of  the  subject  has  so  little  that  is  new  been 
elicited  from  the  "Challenger"  results  as  in  the  Family 
MiLiOLiDA  of  Carpenter,  Parker,  and  Jones.  Abundance  of 
large  Biloctdinte  and  the  like  are  of  course  to  be  found  in  the 
Globigerina-ooze  of  deep-sea  bottoms,  and  there  is  consider- 
able variety  in  the. forms  furnished  by  some  of  the  shallower 
dredgings  from  the  tropics,  but  there  is  no  such  range  of 
well-marked  modifications  of  the  common  types  as  one  would 
be  pretty  sure  to  meet  with,  for  example,  in  material  from 
depths  of  five  to  fifty  fathoms  in  the  Red  Sea ;  and  as  few 
or  no  shore-sands  were  collected  during  the  expedition, 
there  is  a  comparative  absence  of  even  the  common  littoral 
species.  The  Miliolida  are  to  be  regarded  as  essentially  a 
shallow-water  and  littoral  group.  It  is  true  that  the  very 
largest  examples  of  certain  genera  are  found  amongst  the 
Globiyerina-muA  of  1000  to  2000  fathoms,  or  even  at  greater 
depths,  but  the  species  so  occurring  are  very  limited  in  num- 
ber, and  the  specimens  as  a  rule  comparatively  few,  whilst  in 
shallow  water  and  in  shore-sands  even  the  deep-sea  species, 
with  one  or  two  exceptions,  are  common,  though  the  in- 
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dividuals  are  often  of  smaller  size.  On  the  other  hand,  such 
genera  as  Vertebraltnq,  Ardctdina,  Nubecularia,  and  Dacty- 
lopora  are  unknown  in  deep  water;  whilst  the  helicoid  and 
annular  types,  Peneroplis,  Orbiculina,  OrbitoUtea  (except  the 
anomalous  0.  tenuisstmus),  and  Alveolina,  are  not  to  be  found 
beyond  the  Coral  Zone  of  Forbes. 

The  MiLiOLiDA  differ  from  the  other  families  of  Foramini- 
fera  in  the  structure  of  their  shelly  investment,  which  is 
normally  porcellanous  and  imperforate.  By  *'porcellanous" 
is  meant  that  it  is  of  compact  homogeneous  texture,  white 
and  polished  by  reflected  light,  and,  in  thin  sections,  by 
transmitted  light,  of  an  even  brownish  tint.  Young  shells 
are  opalescent  and  diaphanous  rather  than  vitreous  and 
transparent.  In  the  adiut  condition  all  are  imperforate,  and 
being  so  the  thicker  portions  are  never  tubulated,  nor  is  there 
any  supplementary  skeleton.  The  tests  of  even  the  roughest  of 
the  sandy  Miliola  have  a  distinct  imperforate  shelly  basis, 
easily  recognised  in  transparent  sections  if  sufficient  care  be 
taken  not  to  disintegrate  them  in  ^nding.  In  respect  to 
the  genera  PeneropJis  and  Orbicuhnay  it  may  perhaps  be 
open  to  doubt  whether  in  the  very  youngest  condition  the 
rule  is  quite  absolute.  Professor  W.  C.  Williamson  describes 
the  test  of  Orbiculina  as  finely  perforated ;  Dr.  Carpenter, 
on  the  other  hand,  believes  the  minute  dots  observable  in 
sections  of  the  shell  in  either  genus  to  be  caused  by  mere 
pittings  of  the  surface.  It  may  be  that  the  latter  is  the 
correct  interpretation,  but  it  is  by  no  means  evident  that  it 
is  so  when  very  young  specimens,  the  tests  of  which  are 
little  more  than  a  film,  are  examined  by  transmitted  light 
after  one  side  has  been  ground  off,  so  that  only  a  single 
thickness  of  shell  remains.  Occasionally  the  appearance  of 
the  numberless  dots,  even  in  sections  of  the  adult  shell,  is 
much  more  that  of  perforations  which  have  been  filled  up  by 
a  subsequent  deposit  of  somewhat  different  physical  charac- 
ters, than  that  of  mere  superficial  depressions.  Dr.  Car- 
penter's view,  however,  receives  considerable  support  from 
Milioline  species  like  Quinqueloculina  punctata,  Reuss,^  the 
surface  of  which,  in  adult  specimens,  is  represented  as 
regularly  pitted.  In  one  of  the  **  Challenger,'*  MiHolinm, 
characterised  by  somewhat  peculiar  surface  ornamentation, 
the  old  shells  are  often  punctured  in  regular  lines,  but  this 
is  an  accidental  circumstance,  and  depends  upon  the  raised 
pattern,  which  leaves  the  walls  very  thin  and  easily  worn 
into  holes  at  certain  points,  as  indicated  by  the  fact  that 
young  or  otherwise  perfect  specimens  are  never  perforate. 
\  *Keaei  Jahrbach  fur  Min./  for  1658,  pi  0,  fig.  8,  a^e. 
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One  of  the  most  important  modifications  of  the  normal  por- 
cellanous  condition  of  the  tests  of  the  Miliola  is  exemplified 
in  the  forms  with  rough,  arenaceous  exterior.  There  are 
amongst  the  ^^Challenger^'  dredgings  at  least  six  tolerably  dis- 
tinct species  possessing  this  character,  and  probably  not  more 
than  two  of  them  have  been  previously  described.  One  of  the 
two  is  the  well-known  Quinqueloculine  form,  Q.  agglufinans, 
d'Orb. ;  the  other  an  elongate,  compressed,  biconvex  species, 
of  somewhat  obscure  structure  {Spiroloculina  celata,  Costa), 
the  test  of  which  is  composed  of  uniform  fine  sand-grains, 
the  course  of  the  chambers  scarcely  traceable  on  the  exterior, 
and  the  aperture  minute  and  round. 

Descriptions  of  two  of  the  new  species  are  given  on  a  later 
page ;  the  others,  which  it  would  be  difficult  to  render  in- 
telligible without  the  aid  of  figures,  must  be  left  for  the  present. 

Allusion  has  been  made  in  my  previous  paper  to  the 
changes  that  take  place  in  the  composition  of  the  tests  of 
some  of  the* Arenaceous  Foraminifera  which  live  in  water 
containing  less  inorganic  matter  in  solution  than  that  of  the 
open  sea,  and  a  like  alteration  is  to  be  observed  in  the  shells 
of  certain  MiliolcB  under  similar  local  conditions.  The 
brackish-water  representative  of  this  group,  Quinqueloculina 
fuscay  has  a  chitinous  or  chitino-arenaceous  test  in  place  of 
the  normal  calcareous  shell,  precisely  resembling  in  its 
chemical  and  physical  characters  that  of  the  arenaceous 
rrocAammm<c,livingunderanalogou8deteriorating  influences. 

But  there  is  another  modification  of  the  chemical  compo- 
sition of  the  Milioline  shell  which  has  not  before  been  observed, 
which  possesses  even  deeper  significance,  namely  the  substitu- 
tion of  clear,  homogeneous  silica  for  carbonate  of  lime.  This 
occurs  in  very  few  localities,  at  stations  where  the  depth 
registered  is  great  (from  S500  to  4000  fathoms),  and  the  bottom 
consists  of  Radiolaria-ooze.  The  specimens  are  never  abun- 
dant, they  are  of  small  size,  and  consist  of  a  very  few  inflated 
segments  somewhat  irregularly  arranged,  so  as  to  form 
gibbous  or  subglobose  shells.  The  walls  are  delicately  thin, 
80  thin  that  the  organism  sometimes  collapses  on  being  taken 
out  of  fluid  and  allowed  to  dry,  opalescent  or  nearly  trans- 
parent, and  when  quite  fresh  iridescent.  Placed  in  nitric 
acid  under  the  microscope  there  is  not  a  trace  of  effervescence, 
and  no  change  in  appearance  is  to  be  detected.  It  should 
be  remarked  that  the  arenaceous  Foraminifera  from  the 
same  bottoms,  such  as  Trochammina  (Ammodiscus)  incerta, 
are,  in  like  manner,  unaffected  by  treatment  with  acids. 

The  verj^  close  connection  existing  between  the  various 
reputed  Miliolinegenerajor  rather^  one  might  say^the  absolute 
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continuity  of  the  series^  becomes  abundantly  manifest  in  the 
study  of  the  "  Challenger^'  gatherings.  Not  only  does  the 
passage  of  the  non-septate  Cornuspira  into  the  septate 
Hinaauer  become  easy,  through  an  undescribed  intermediate 
form  {Hatcerina  exiguay  nov.),  but  in  one  remarkable  and 
beautiful  species  from  the  deeper  waters  of  the  tropics,  the 
morphological  characters  of  three  distinct "  genera''  are  found 
combined.  The  shells  of  this  species  commence  growth  in 
piano-spiral,  non-septate  fashion  like  Chrntispira^  but,  after 
a  number  of  convolutions,  become  angular  and  septate  at  two 
opposite  points  of  the  periphery,  putting  on  a  series  of 
spiroloculine  chambers;  subsequently  the  septa  become 
more  frequent  and  at  somewhat  irregular  intervals,  and  in  so 
far  assume  the  characters  of  Hauerina.  For  purposes  of 
nomenclature  it  may  be  assumed  that  the  final  portions 
represent  the  affinities  of  the  mature  organism  and  Hauerina 
inconatans  seems  a  suitable  appellation  for  a  species  with 
such  habits  of  growth.  The  morphological*  relationship 
between  BUoculina  and  SpiroloctUina  is  already  well  under- 
stood. Typically  the  plan  of  growth  is  the  same,  two  cham- 
bers on  the  same  plane  to  each  convolution;  but  whilst 
BUoculina  has  wide,  somewhat  inflated  segments,  each  of 
which  in  its  turn  encloses  all  those  previously  formed  on  the 
same  side  so  that  only  two  segments  are  visible  externally, 
Spirolocvlina  has  narrow,  non-embracing  chamberj9,  arranged 
alternately  and  symmetrically  so  that  every  segment  is  seen  on 
both  sides  of  the  shell.  These  are  distinctions  so  generally  ac- 
cepted, and  under  ordinary  circumstances  so  easily  recognised, 
that  the  occurrence  of  an  occasional  specimen  with  interme- 
diate characters  is  of  no  practical  inconvenience.  But  with  the 
Triloculine  and  Quinqueloculine  members  of  the  group  the 
case  is  far  otherwise.  The  subdivision  of  the  Miliola,  proposed 
by  d'Orbigny  in  his  *  Tableau  m^thodique  de  la  classe  des 
C^phalopodes,'^  has  been  employed  by  systematists,  with  a 
single  exception,  to  the  present  time.  It  contains  the  two  fol- 
lowing generic  descriptions  under  the  family  Agathisteoues. 

"  Genre  III.  TrUoculina. — ^Loges  opposles  sur  trois  cdt^s ; 
la  m^me  forme  k  tons  les  ftges ;  trois  loges  apparentes." 

'*  Genre  V.  QuinquelocuUna, — Loges  opposees  sur  cinq 
cdtes  ;  cinq  loges  apparantes." 

The  whole  weight  of  the  distinction  embodied  in  these 
definitions  hangs  on  the  words  '^  k  tons  les  &ges,"  a  most 

1  It  is  an  interesting  fact  that  OrbUolUei  tenuissimus,  Carpenter,  is  some* 
times  spiral  and  non-septate  in,  its  earliest  stage,  and  in  like  manner, 
amongst  hvaline  forms,  PcUeUim  corrugata.  Will. 

*  '  Annales  des  Sci.  Nat.,'  1826,  vol.  vii,  pp.  999,  301. 
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undesirable  basis  for  the  division  of  an  unusually  variable 
group.  The  number  of  varietal  forms  that  can  be  said  to 
have  uniformly  only  three  external  segments  is  exceedingly 
limited^  whilst  on  the  other  hand^  most  of  the  QuinqueloctdincB 
have  a  triloculine  stage  of  growth.  Under  d'Orbigny*s  defi- 
nitions young  specimens  and  adults  of  the  same  variety  have 
over  and  over  again  been  placed  as  new  species  in  separate 
genera.  Amongst  smooth-shelled  forms  the  anomaly  might 
pass  unnoticed^  but  amongst  those  in  which  peculiarity  of 
surface-ornamentation  affords  the  principal  distinctive  cha- 
racter the  double  nomenclature  becomes  a  palpable  absurdity. 
There  is  still  another  objection  to  these  generic  terms,  which 
is  brought  into  stronger  light  by  specimens  obtained  from 
the  **  Challenger*'  dredgings,  namely,  that  the  number  of 
exposed  segments  is  not  necessarily  either  three  or  five.  In 
one  striking  subarenaceous  species,  which  I  propose  to  name 
MUioUna  atveoliniformia,  there  are  often  seven  or  eight,  long, 
narrow  chambers  in  the  peripheral  whorl.  There  is  another 
arenaceous  form  (Miltolina  triquetra,  nov.),  in  which,  instead 
of  two  segments,  one  up  and  one  down,  forming  the  axial  cir- 
cuit of  the  test  throughout,  there  are  in  the  final  circuit  three 
segments,  the  contour  becoming  flattened  in  the  same  way 
as  in  BilocuUna  contraria,  and  more  or  less  triangular. 
Neither  of  these  could  be  included  in  any  of  the  Milioline 
genera  as  hitherto  constituted.  Instances  of  the  same  sort 
might  readily  be  multiplied,  but  enough  has  been  said  to  show 
that  Triloculina  and  Quinqueloculina  ought  now  to  be  dis- 
carded as  generic  or  even  subgeneric  names,  just  as  Adelosina 
was  long  since  abolished  and  for  similar  reasons,  and  that 
some  general  name  less  open  to  objection  should  be  found 
for  this  portion  of  the  group. 

The  term  Miliola  naturally  suggests  itself,  but  that  and 
the  corresponding  Miliolites  were  used  by  Lamarck  for  the 
entire  series,  whether  bi-,  tri-,  quinque-  or  spiro-loculine,  and 
in  this  sense  it  has  also  been  applied  by  Messrs.  Parker  and 
Jones  and  others  to  the  Serpula  semintclum  of  Linn^,  as  the 
central  type  of  the  whole  group.  Prof.  W.  C.  Williamson, 
after  discussing  the  question  with  his  usual  shrewdness,^ 
employs  the  modified  term  Miliolina  for  the  section  under 
consideration.  I  can  see  no  objection  to  this  course,  and  am 
inclined  to  think  that  with  some  modification  of  the  charac- 
ters assigned  to  the  genus,  in  the  monograph  referred  to,  its 
general  adoption  would  be  a  distinct  gain  to  zoologists. 

Concerning  the  other  Miliolida  there  is  little  that  need  be 
said  in  these  preliminary  notes.  Some  points  of  interest  in 
*  '  Recent  Foraminifera  of  Great  Britain/  p.  83. 
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connection  with  the  genera  Nubecularia  and  Dactyhpora 
win  be  alluded  to  presently  in  the  notice  of  two  species^  N. 
tibia  and  D.  eruca.  Concerning  the  spiral  types  there  is, 
perhaps,  even  less  that  calls  for  remark.  The  genera  Pene- 
ropolis,  Orbiculina,  Orbitolites,  and  Alveolina,  are  all  well 
represented  in  the  "  Challenger  "  gatherings,  but  the  results 
of  their  examination  tend  rather  to  diminish  than  to  increase 
the  number  of  forms  to  be  recognised  as  "  species. 


>  >> 


NuBECTLARiA  TIBIA,  JoHcs  and  Parker,  PI.  VIII,  figs.  1,  2. 

Nubeculana  tibia,  Jones  and  Parker,  1860.    *  Quart.  Journ.  Geol.  Soc.,' 
vol.  xvl,  p.  455,  p.  20,  figs.  48—51* 

The  interest  attaching  to  thissimple  lit  tie  organism  depends 
upon  the  fact  that  until  recently  it  has  only  been  recognised 
as  a  Triassic  or  Bhsetic  fossil.  It  was  described  by  Messrs. 
Jones  and  Parker,  loc.  cit.,  in  their  paper  upon  the  Fora- 
minifera  of  certain  marls  from  Chellaston  in  Derbyshire. 
Within  the  last  few  months  I  have  identified  specimens  in 
Mr.  E.  A.  Walford's  collection  of  microzoa  from  the  Upper 
Lias  of  Banbury,  and  this  completes  the  record  of  its  geo- 
logical history ;  it  is,  nevertheless,  quite  possible  that,  owing 
to  its  minute  size  and  inconspicuous  appearance,  it  may 
have  been  overlooked  in  other  habitats.  A  careful  com- 
parison of  specimens  from  all  the  known  sources,  recent  and 
fossil,  reveals  no  characters  not  common  to  the  whole  of 
them,  none  at  any  rate  that  can  be  regarded  as  zoologically 
distinctive. 

Nubecularia  tibia  occurs  at  two  of  the  **  Challenger '' 
stations,  both  in  comparatively  shallow  water,  namely, 
amongst  the  Philippine  Islands  (95  fathoms),  and  in  Hum- 
boldt Bay,  Papua  (87  fathoms). 

Dactylopora   eruca,  Parker  and  Jones,   PI.   VIII, 
figs.  3,  4. 

Dactylopora  eruca,  Parker  and  Jones,  1860.    *  Ann.  and  Mag.  Nat.  Hist.,' 

ser.  3,  vol.  v,  p.  473 ;  Carpenter,  1862,  *  Introd.,' 

p.  128,  pi.  10.  figs.  1—8. 
Baploporella  eruca,  Giimbul,  1872,  '  Abhandl.  der  k.  bayer.  Akad.  der  W.,* 

II  CL,  vol.  xi,  p.  256,  pi.  D.  1,  fig.  1. 
Decaisnelia  eruca,  Munier-Chalmas,  1877.    '  Comptea  Rendus  de  TAcad. 

des  Sci.,'  vol.  Ixxxv,  p.  816. 

I  do  not  propose  to  enter  here  upon  the  controversy  con- 
cerning the  true  nature  and  position  of  the  Dactyloporidm 
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but  as  Dactylopora  eruoa  occurs  in  considerable  variety  of 
form  in  some  of  the  parcels  of  material  which  I  have  exnmined 
it  can  scarcely  be  passed  over  without  notice. 

The  latest  contribution  to  the  debate  is  a  brief  note  by 
M,  Munier-Chalmas  (foe.  cit.),  in  which  Dactylopora  and  all 
it  allies^  including  Acicularia^  are  assigned  to  a  family  of 
calcareous  A^lgee^  characterised  as  *'  Siphonie  verticilUe"  It 
may  be  confessed  that  the  multiform  organisms  hitherto 
associated  under  the  term  DactyloporidiB  have  constituted  an 
anomalous  and  unsatisfactory  group,  and  any  fresh  light  on 
their  structure  and  relationship  will  be  welcomed  by  syste- 
mafists,  whether  zoologists  or  botanists.  It  is  not  at  all 
improbable  that  beings  of  widely  different  affinities  have 
been  placed  together  for  want  of  accurate  knowledge ;  but  if 
this  be  the  case,  to  hand  them  in  mass  to  another  position 
will  not  mend  matters  greatly. 

It  is  difficult  to  see  how  irregularly  constructed  shells, 
like  those  represented  in  PI.  VIII,  figs.  3, 4,  can  have  formed 
portions  of  a  radiate  or  verticillate  organism ;  nor  have  I, 
after  the  examination,  by  sections  and  otherwise,  of  a  large 
number  of  fresh  specimens  of  D.  eruca,  seen  anything 
corresponding  to  the  structures  figured  in  M.  Munier- 
Chalmas'  paper.  Nevertheless,  as  we  have  only  the  author's 
preliminary  note,  criticism  would  be  premature,  and  we 
must  await  the  publication  of  the  promised  detailed  memoir. 
Meanwhile,  it  may  be  observed  that  the  characters  of 
Dactylopora  eruca  are  easily  reconciled  with  those  of  the 
rest  of  the  Miliolida,  and,  so  far  as  revealed  by  the  dead  shells, 
present  no  anomaly  in  the  position  in  which  the  species  has 
been  placed  by  Messrs.  Parker  and  Jones. 

Of  the  new  Milioline  forms  alluded  to  in  the  foregoing  para- 
graphs, the  following  will  serve  as  descriptions,  pending  the 
publication  of  more  detailed  notice  with  the  necessary  figures. 

Hauerina  exigua,  ».  sp. 

Characters. — Test  free,  thin,  discoidal,  planospiral ;  com- 
posed of  a  number  of  convolutions  of  a  narrow,  slightly  em- 
bracing, septate  tube,  but  showing  no  indication  of  the  spiral 
suture  beyond  the  final  circuit.  Septa  few,  about  three  in  each 
convolution,  not  marked  by  any  external  depression.  Aper- 
ture simple,  terminal.  Diameter  -^  inch  (0*5  millim.)  or  less. 

Found  in  shallow  water  in  the  tropics,  notably  about  the 
Admiralty  Islands  and  New  Guinea.  This  species  also 
occurs  in  the  Red  Sea  and  elsewhere. 
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Haubrina  imconstans^  n.  sp. 

Characters. — Test  free,  thin,  commencing  growth  as  a 
planospiral,  non-septate  tube,  after  a  time  becoming  spiro- 
loculine  in  arrangement,  and  eventually  forming  convolu- 
tions, each  consisting  of  several  (two,  three,  or  four) 
irregularly  arcuate  or  sigmoid  segments.  Periphery  bordered 
by  a  broad  thin  wing,  seldom  found  entire.  Diameter  of 
large  specimens,  -yV  ^^^^  (1'6  millim.)- 

Hauerina  inconstans  is  widely  distributed,  geographically 
speaking,  but  the  total  number  of  specimens  found  is  very 
small.  In  the  "  Challenger"  dredgings  it  occurs  at  depths 
varying  from  210  to  2300  fathoms. 

MiLIOLINA  TRIQUETRA,  ».  8p. 

Characters. — Test  free,  compressed,  subtriangular ;  com- 
posed of  few  segments,  of  which,  three,  arranged  on  one 
plan,  usually  go  to  form  each  of  the  later  convolutions. 
Aperture  simple,  situate  on  the  produced  neck-like  extension 
of  the  terminal  segment.  Texture  roughly  arenaceous 
externally.     Diameter  ^  inch  (1*  millim.) 

A  rare  species,  the  best  specimens  of  which  are  from 
anchor-mud  in  Humboldt  Bay,  Papua,  37  fathoms. 

MiLIOLINA  ALVEOLINIFORMIS,  n.  Sp. 

Characters. ^'Test  free,  elongate,  fusiform;  composed  of 
narrow  chambers  arranged  more  or  less '  spirally  around  the 
long  axis.  Segments  numerous,  sometimes  seven  or  eight 
visible  on  tbe  exterior ;  ventricose  or  subcylindrical,  arcuate. 
Aperture  porous  or  radiate,  obscure,  terminal.  Texture 
thin,  porcellanous  and  nearly  smooth  in  very  young  shells ; 
finely  arenaceous  in  adult  specimens.  Length  ^^  inch  (2*5 
millim.)  or  more. 

Not  unfrequently  met  with  in  the  shallow  waters  and 
shore-sands  of  tropical  latitudes. 


Hyaline  or  Vitreous  Types. 

Of  the  three  families  which  constitute  the  Suborder 
Perforata  of  Carpenter,  Parker,  and  Jones,  namely, 
Lagenida,  Globigerimda,  and  NummuHnida,  the  last  named 
may  be  dismissed  in  a  word.     The    "Challenger"   spoils 
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have,  in  fact,  added  little  or  nothing  to  our  knowledge  of  the 
Nummuliniday  except  in  so  far  as  concerns  their  geographical 
and  bathymetrical  distribution. 

Lagsnida. 

Amongst  the  Lagenida  it  is  far  otherwise.  The  genUs 
Lagena  alone,  as  represented  in  these  collections,  supplies 
material  for  five  or  six  crowded  quarto  plates,  its  varieties 
embracing  modifications  of  contour  and  of  surface  decoration 
of  which  little  was  previously  known.  Of  these  it  is  im- 
possible to  speak  with  any  advantage  in  the  absence  of 
figures.  It  has  been  generally  understood  heretofore  that 
the  central  home  of  the  Lageruz  was  in  water  of  100  to  ^00 
fathoms,  but  some  of  the  most  beautiful  and  delicate  mem- 
bers of  the  genus  have  been  found  at  depths  of  2000  to  3000 
fathoms,  and  even  in  the  black  mud  of  almost  the  deepest 
of  the  ocean  abysses  hitherto  explored  by  the  dredge ;  and 
in  some  of  these  localities  the  variety  of  the  forms  which  have 
been  met  with  has  been  scarcely  less  remarkable  than  their 
individual  beauty. 

Amongst  the  Nodosarine  types  furnished  by  the  "  Chal- 
lenger ^'  dredgings  the  most  noteworthy  is  the  genus  Frondi- 
cularia,  which,  with  its  subordinate  Flabelline  modifications, 
must  now  take  a  definite  position  in  the  category  of  recent 
genera.  D'Orbigny,  in  his  *  Tableau  M^thodique,'  1826, 
mentions  ^'  the  Adriatic  "  as  the  habitat  of  Frondictdaria 
alata  and  Fr.  rhomboidalis,  but  it  has  been  supposed  by 
subsequent  observers  that  his  specimens  were  inter- 
lopers which  had  been  washed  out  of  one  or  other  of  the 
fossiliferous  Tertiary  clays  that  abound  in  the  Italian  Penin- 
sula. Messrs.  Parker  and  Jones,^  however,  found  the  closely 
allied  Fr.  complanata  in  dredgings  made  by  the  late  Mr. 
Lucas  Barrett  off  the  coast  of  Jamaica  (100  to  200  fathoms), 
and  as  I  have  since  identified  the  same  species  in  beauti- 
fully fresh-looking  specimens  collected  by  my  friend  Dr. 
Tiberi,  of  Portici,  on  the  coast  of  Sicily,  it  may  be  allowed 
that  d'Orbigny's  habitat  is  probably  correct.  My  friend  M. 
Ernest  Vanden  Broeck  *  reports  the  occurrence  of  varieties 
of  both  J^.  complanata  and  Fr,  alata  in  one  of  the  soundings 
made  by  the  late  Professor  Agassiz  off  Barbadoes,  in  100 
fathoms.  This  completes  the  record,  so  far  as  I  know,  of 
observations  upon  recent  Frondicularia,  and  it  is  confined, 

^  *  Report  Brit.  Assoc./  1863.    Trans,  sections,  pp.  80  and  105. 
2  'Ann.  Soc.  Beige  de  Micros.,'  vol.  ii,  p.  109,  pi.  2,  figs.  12—14,  and 
pi.  3,  fig.  2. 
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as  will  be  seexii  to  three  species.  But  the  series  that  has 
been  collected  from  the  ^'  Ciiallenger  "  dredgings  much  en- 
larges the  area  of  our  knowledge.  Not  only  have  two  of  the 
forms  which  have  been  alluded  to^  together  with  their  Fla- 
belline  niodificationSi  been  founds  but  in  addition  a  number 
of  other  smaller  species  of  widely  different  contour^  some 
of  which  are  described  and  figured  in  the  present  paper. 

The  little  branching  organism^  named  Ramulina  by  Pro- 
fessor T.  Rupert  Jones,  hitherto  only  known  by  worn  frag- 
ments occurring  amongst  fossil  microzoa  of  Cretaceous  agOi 
has  been  found  in  sufficient  numbers,  and,  notwithstanding 
its  fragile  nature,  sufficiently  complete  in  all  its  parts  to 
yield  accurate  data  as  to  its  zoological  characters. 

The  genus  Uvigerina  has  also  received  considerable  acces- 
sions, and  the  connection,  suggested  by  Messrs.  Parker  and 
Jones,  between  the  normal  spiral  varieties  and  the  dimor- 
phous shells  constituting  d'Orbigny's  genus  Sagrina,  is  con- 
firmed and  illustrated  by  certain  new  and  interesting 
modifications  of  the  typical  structure.  A  notice  of  some  of 
these  will  be  found  on  a  subsequent  page. 


Ga«t^— FRONDICULARIA,  (TOrbigny. 

Frondicularia  spathulata,  n.  sp.  PL  VIII,  fig.  5  a.  i. 

Characters. — Test  long,  narrow,  tapering,  compressed; 
margin  rounded,  somewhat  lobulate ;  sutures  but  slightly 
excavated.  Primordial  chamber  inflated;  early  segments 
more  bent  than  the  latter  ones.  Surface  smooth.  Length  -^ 
inch  (1*0  millim.). 

This  is  one  of  the  narrow  compressed  Nodosarian  shells 
that  might  with  almost  equal  propriety  be  placed  either  with 
LinguUna  or  Frondictdariay  the  slightly  inflated  primordial 
chamber  and  bent  earlier  segments  suggesting  the  latter 
genus  for  preference.  Terquem  figures  a  somewhat  similar 
form  as  Frondicularia  saccuJus  (^  SixiSme  M^m.  sur  les  Foram. 
du  Lias,'  p.  482,  pi,  19,  fig.  20  a.  b.)  and  the  Fr.  linearis 
of  Philippi  ('Beitr.  zur  Kennt.  d.  Tert-Verstein,'  p.  6,  pi. 
1,  fig.  82)  is  a  Flabelline  variety,  with  analogous  general 
contour. 

Such  varieties  are  very  rare  in  the  living  condition,  and 
there  is  only  a  single  habitat  to  record  for  that  now  described, 
namely,  off  the  Ki  Islands,  129  fathoms. 
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Fbondicularia  compta,  «.  ap.    PI.  VIII,  fig.  6. 

Characters, ^'Test  long^  spathulate;  truncate  or  emarginate 
at  the  base^  obtuse-angular  at  the  apex;  margin  square, 
somewhat  lobulate.  Early  segments  larger  than  the  later 
ones,  sutural  lines  limbate.  Surface  otherwise  smooth. 
Length  -^  inch  (1*0  millim.)* 

A  very  beautiful  little  shell,  with  just  sufficient  irregularity 
in  conformation  to  make  it  difficult  alike  to  describe  in  well- 
defined  terms  or  to  reconcile  with  previously  recorded  species. 
The  earlier  portion  of  the  test  is  built  on  a  bolder^  larger 
plan  than  the  latter  part,  and  the  septal  lines  are  thickened 
and  raised.  The  later  segments  are  narrower  and  smaller, 
and  the  sutures,  though  still  limbate,  are  not  so  prominent. 
The  peripheral  margin  is  nearly  square. 

The  figured  specimen  was  found  at  Station  162,  Bass 
Strait,  38  fathoms. 

G^w«— FLABELLINA,  d'Orbigny. 

Flabbllina  cunbata  (von  Munster).    PI.  VIII,  fig.  7. 

Frondieularia  euneaia,  Yon  Miinster,^  1838.     '  Neues  Jahrbaoh  fdr  Min./ 
1888,  p.  383,  pi.  3,  fig.  10. 

Notwithstanding  the  more  regular  contour  of  the  recent 
specimen  and  its  somewhat  larger  number  of  segments, 
there  is  no  real  impropriety  in  identifying  it  with 
Von  Miinster's  species ;  less  impropriety,  at  any  rate,  than 
adding  a  fresh  name  to  an  already  over-named  genus,  on 
insufficient  grounds.  Ouv  recent  shell,  like  Von  Miinster's 
figure,  is  long,  narrow,  and  tapering  to  a  point  at  the  base. 
The  early  segments  are  set  obliquely  and  rather  irregularly ; 
there  is  no  external  limbation  or  thickening  of  the  sutural 
lines,  and  the  surface  is  traversed  by  delicate,  nearly  parallel, 
\ongitudinal  strise  or  riblets.  The  length  of  the  specimen, 
which  is  not  quite  perfect,  is  about  Vr  ^^^^  (1*0  millim.). 

Habitat.— off  the  Ki  Islands,  129  fathoms. 

Flabbllina  foliacba,  n.  sp.    PI.  VIII,  figs.  8 — 10. 

Characters, — Test  depressed,  complanate ;  peripheral 
contour  variable,  often  more  or  less  carinate.  Chambers 
slightly    inflated.      Spiral    segments    irregular;    equitan^ 

*  In  F.  A.  Roemer's  paper,  '*  Die  Cephalopoden  des  Nord-Deutschen 
tertiaren  Meersandes.'* 
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segments  reaching  far  towards  the  base  of  the  test ;  in  some 
specimens  each  chamber  completely  encloses  the  lateral 
margins  of  the  preceding  one.  Sutures  excavated.  Shell- 
wall  delicately  thin;  surface  smooth.  Length  ^^V  i^^ch 
(1-0  millim.). 

Dr.  Conrad  Schwager,  in  his  beautifully  illustrated  memoir 
on  Fossil  Foraminifera  from  Kar  Nikobar,^  describes  and 
figures^  under  the  name  Frondicularia  foliacea^  a  species 
having  characters  quite  analogous  to  those  of  many  of  the 
recent  specimens^  with  the  exception  that^  whilst  the  fossil 
form  appears  to  be  symmetrical  (Frondicularian)  in  its  mode 
of  growth,  the  still-living  shells  are  all  dimorphous,  that  is 
to  say  either  irregular  or  Cristellarian,  in  the  arrangement 
of  their  earlier  segments.  Some  of  the  broader,  complanate, 
recent  specimens  can  scarcely  be  distinguished  from 
Schwager's  species.  Dimorphous  growth  is  probably  an 
indication  of  depauperating  influences ;  hence  it  seems  better 
to  retain  the  term  FlabeUina  as  distinct  from  Frondicularia, 
otherwise  I  should  see  no  reason  for  separating  the  recent 
from  the  fossil  form. 

FlabeUina  foliacea  occurs  at  two  stations  near  the  Ki 
Islands  (1S9  faths.  and  580  faths.),  in  one  sounding  off  the 
coast  of  New  Zealand  (91  b  faths.),  and  in  one  locality  off  the 
Eastern  coast  of  North  America  (1S40  faths.). 

Genm — RAMTJLINA,  Rupert  Jones. 

Bamulina  globulifera,  n.  $p.    PI.  VIII,  figs.  32,  33. 

Characters. — Test  free,  branching,  composed  of  segments 
of  different  sizes  connected  by  stoloniferous  tubes.  Segments 
numerous  (two  to  eight  or  more),  globular  or  subglobular, 
each  with  several  (two  to  six)  tubulated  apertures  extended 
from  different  portions  of  the  periphery,  some  of  which  ter- 
minate in  fresh  chambers.  Stoloniferous  tubes  narrow,  cir- 
cular in  section,  about  equal  in  length  to  the  diameter  of  the 
larger  chambers.  Texture  hyaline ;  surface  hispid  or  aculeate. 
Length,  when  complete,  jV  inch  (1*7  millim.)  or  more. 

In  Mr.  Joseph  Wright's  *  List  of  the  Cretaceous  Microzoa 
of  the  North  of  Ireland'^  there  appear  figures  of  two  obscure 
organisms  under  the  generic  name  Bamulina,  given  to  them 
by  Professor  T.  Rupert  Jones.     The  specimens  from  which 

»  '  Novara-Exped.,  Geol.  Theil.,'  vol.  ii,  p.  236,  pi.  6,  ^g.  76. 
»  'Report  ancf  Proc.  Belfast  Nat.  Field  Club,'  1873-4;  Appendix,  p.  88, 
pi.  3,  figs.  19,  20. 


Digiti 


zed  by  Google 


NOTES  ON  RETICULARIAN      HIZOPODA.  273 

these  figures  are  taken  are  probably  merely  fragments^  and 
no  description  of  genus  or  species  is  given  beyond  that  con- 
veyed in  the  terms  ^^simple,  calcareous^  subsegmented^ 
branching,  Nodosarian  form."  The  diagnosis  is  further 
complicated  by  the  author  referring  to  the  same  genus,  *'  the 
so-called  Dentalina  (?)  aculeata'*  of  the  Chalk.  D'Orbigny^s 
Dentalina  aculeata,  as  far  as  I  can  gather  from  the  original 
description  and  figure/  is  a  characteristic  and  easily  recog- 
nised true  Dentalina^  and  why  it  should  be  associated  virith 
any  '^  Bamuline"  form  it  is  difficult  to  understand.  Having 
for  some  time  past  been  collecting  materials  for  the  study 
of  the  Cretaceous  types  of  Foraminifera  I  have  become  quite 
familiar  with  the  organisms  figured  by  Mr.  Wright,  and  I 
believe  them  to  be  closely  allied  to  the  recent  species  above 
described.  I  have,  therefore,  adopted  the  generic  term  pro- 
posed by  Professor  T.  Rupert  Jones,  and  must  leave  the 
determination  of  the  distinctive  characters  of  the  recent  and 
fossil  species  until  better  specimens  of  the  Cretaceous  forms 
can  be  found  to  serve  as  a  basis  for  their  more  accurate 
treatment. 

The  test  of  Ramtdina  glohulifera  is  always  hyaline  and 
perforate,  and  usually  more  or  less  hispid.  The  genus  is 
probably  nearly  related  to  the  NodosarituBy  as  suggested 
in  the  foregoing  quotation,  but  its  branching  habit  of  growth 
is  an  essential  and  distinctive  feature. 

The  "  Challenger"  dredgings  have  yielded  examples  from 
at  least  nine  or  ten  stations.  These  are,  for  the  most  part, 
at  no  great  distance  from  island  groups,  either  in  the 
North  Atlantic  or  in  the  South  Pacific ;  the  depth  of  water 
ranging  from  145  to  600  fathoms,  and  the  bottom  commonly 
consisting  of  coral  debris  or  shelly  sand. 


(?^w«— UVIGERINA,  d'Orhigny. 

The  specimens  from  the  ^*  Challenger"  collections  repre- 
senting the  genus  Uvigerina  form  an  exceedingly  interesting 
series,  and  there  is  one  group  in  particular,  namely,  that 
embracing  the  dimorphous  varieties,  on  which  considerable 
new  light  is  thrown  by  them.  The  general  characters  of 
Uvigerina  (proper)  are  well  understood,  but  this  is  far  from 
being  the  case  with  the  forms  assigned  to  the  genus  or  sub- 
genus Sagrina. 

Normally,  Uvigerina  may  be  described  as  having  an  elon- 
gated spiral  test,  the  clustering  chambers  of  which  are 
>  'M^m.  Soc.  Geol.  Fr./  1840,  vol.  iv,  p.  13,  pi.  1,  figs.  2,  3. 
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arranged  with  more  or  less  regularity  on  a  triserial  plan. 
The  aperture  is  simple^  and  usually  situated  on  a  produced 
neck  of  some  sort,  either  a  mere  rounded  conical  projection 
or,  more  characteristically,  in  a  tube  of  greater  or  less  length, 
terminated  by  a  phiaMike  lip.  The  surface  of  the  test  is 
almost  invariably  ornamented  by  striee  or  costee  (continuous 
or  interrupted),  spines,  bristles,  or  other  exostoses. 

It  is,  however,  on  certain  divergences  from  this  typical 
plan  of  growth,  which  elucidate  the  connection  ofthe  extreme 
modifications  of  Sagrina  with  the  generic  type,  that  the 
chief  interest  of  the  forms  to  be  described  depends. 

UVIGBRINA  POBRECTA,  «.  Sp.      PI.  VIII,  figS.  15,  16. 

Characters. — Test  elongate,  subspiral ;  earlier  segments 
compactly  arranged,  obscurely  triserial;  later  segments 
uniserial,  alternating  irregularly,  more  or  less  distinct  and 
interrupted.  Surface  marked  by  delicate,  irregular,  longitu- 
dinal costse.  Aperture  produced,  tubular.  Length  -yV  ioct 
(0-6  millim.). 

P  fflaJeVa^.— Off  Bermuda,  435  fathoms;  off  Papua,  155 
fathoms  ;  and  at  a  point  about  10^  north  of  the  Equator,  in 
nearly  the  same  longitude  as  the  latter,  1850  fathoms. 

TJVIGERINA  INTERRUPTA,  fl.  Sp,      PI.    VIII,  figS.  17,  18. 

Characters. — Test  elongate,  subspiral,  composed  of  a 
number  of  inflated  or  subglobose  segments,  gi*adually  in- 
creasing in  size,  arranged  around  a  long  axis.  Earlier  seg- 
ments combined  so  as  to  form  a  compact  spire ;  the  one  or 
two  last  formed  placed  independently,  in  single  irregular 
series,  terminating  in  a  tubular  neck.  Surface  hispid  or 
aculeate.     Length  -^Vi^ch  (0*5  millim). 

jEfoiiVa^.— Humboldt  Bay,  Papua,  87  fathoms. 


C?^W5— SAGRINA,  d'Orhigny. 

The  range  of  morphological  variation  in  Uvigerina  runs 
nearly  parallel  to  that  of  Texttdaria.  The  latter  genus, 
which  is  normally  biserial,  has  subtypical  modifications 
which,  on  the  one  hand,  may  be  uniformly  triserial,  or  on  the 
other,  may  run  into  uniserial  forms;  or,  taking  a  dimorphous 
character,  may  be  spiral,  triserial,  or  biserial  in  their  early 
stages,  and  biserial  or  uniserial  in  their  later  growth. 

Uvigerina  has  normally  a  spiral  arrangement  of  its  cham*' 
bers,  but  in  like  manner  runs  into  dimorphous  formSi  and 
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these  constitute  d'Orbigny's  genus  Sagrina.  They  have  been 
much  misunderstood^  and  have  been  placed  by  German 
systematists^  without  exception^  in  the  same  family  with 
Textularia.  Of  the  two  species  named  by  d'Orbigny,  one^ 
is  biserial,  and  only  betrays  its  affinity  to  Uvigerina  by  its 
aperture^  which  is  placed  in  an  erect  roammillate  protuberance 
at  the  top  of  the  terminal  chamber ;  the  other  is  a  Creta- 
ceous species^  with  an  arenaceous  test^  which  is  spiral  in  its 
earlier  growth  and  finishes  biserially.  Continental  Bhizo- 
podists  have  only  recognised  the  latter^  of  these^  and  Sagrina 
has  consequently  been  spoken  of  as  an  exclusively  fossil 
genus^  with  characters  founded  on  those  of  8.  rugosa. 
Messrs.  Parker  and  Jones^  however^  have  shown  the  rela- 
tionship which  exists  between  these  and  some  similar  forms, 
and  have  described  two  recent  dimorphous  species/  in  both 
of  which  the  arrangement  of  the  segments  is  partly  alter* 
nate  or  triserial  and  partly  uniserial.  To  these  the  "  Chal- 
lenger "  material  has  brought  two  additional  and  even  more 
abnormal  varieties,  which  have  been  named  Sagrina  virgula 
and  8,  divaricata  respectively. 

The  generic  term  is  written  Sagraina  by  Reuss  and  by 
Zittel.  There  is  no  doubt  that  d*Orbigny  named  the  genus 
in  honour  of  De  la  Sagra,  the  historian  of  Cuba^  but  his  par- 
ticular method  of  doing  so  does  not  concern  us,  and  as  it  is 
quite  clear  that  the  final  a  was  dropped  intentionally,  we 
must  take  the  genus  as  he  left  it.  It  is  the  old  story  of 
Texttdaria  and  Textilaria,  of  OrhitoUtes  and  Orhittdttes; 
the  only  chance  of  uniformity  in  nomenclature  lies  in 
the  rule  of  precedence.  The  systematic  names  for  which 
classical  authority  and  exactitude  can  be  claimed  are  few 
indeed. 

Sagrina  virgula,  w.  sp.,  PL  VIII,  figs.  19—21. 
Characters. — Test  linear,  straight  or  curved,  cylindrical,  ta- 
pering, composed  of  many  segments.  Early  segments  minute, 
clustering,  obscurely  spiral,  sometimes  wanting ;  later  ones 
subglobular,  united  end  to  end,  and  somewhat  embracing. 
Aperture  wide,  with  a  turned-over  phial-like  lip.  Surface 
hispid  or  setose.     Length,  ^V  inch  (0*5  millim.). 

The  relationship  of  S.  virgula  with  the  hispid  varieties  of 
Uvigerina  may  be  seen  by  comparing  the  figures  with  those 
of  U.  interrupta  immediately  preceding  them  in  the  plate. 

>  Sagrina  pulchella,  *Foram.  Cuba,*  p.  140,  pi.  1,  iBgs.  23,  24. 

2  Sagrina  rugota,  'M^m.  Soc.  QeoL  Fr.,'  vol.  iv,  p.  47,  pi.  4,  figs.  31, 32. 

•  Sagrina  raphanut  aud  S*  dimorpAa,  'PML  Trans./  vol.  olv,  p.  864,  pL 
18,  figs.  16—18. 
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It  is  a  rave  form^  and  individuals  like  that  represented  by 
fig.  21  may  easily  be  mistaken  for  minute  Nodosarue. 

Specimens  of  this  species  have  been  found  at  three  localities 
in  the  Eastern  Archipelago,  all  in  shallow  water  (15  to  37 
fathoms)  and  in  one  deeper  sounding  on  the  coast  of  South 
America,  off  Pernambuco  (675  fathoms). 

SaGRINA  DIVARICATA,  71.  5p.,  PI.  VIII,   figS.  22 — 24. 

Characters, — Test  free,  moniliform ;  spiral  chambers  few 
and  minute,  forming  an  obscure  rounded  maas,  altogether  but 
little  larger  than  one  of  the  later  segments.  Later  segments 
two  to  four  in  number,  subglobular,  arenaceous  externally, 
united  by  clear,  non-arenaceous,  stoloniferous  tubes,  of  length 
equal  to  about  half  the  diameter  of  the  larger  chambers. 
Aperture  an  elongate,  tubular  neck,  often  longitudinally  fur- 
rowed, and  with  an  irregular,  expanded  lip.  Length,  Vtt 
inch  (0-6  millim.). 

The  occurrence  of  arenaceous  modifications  of  the  dimor- 
phous Uvigerina  is  quite  in  harmony  with  the  parallelism 
that  has  been  suggested  between  them  and  the  Textularian 
series.  One  species  of  Sagrina,  hitherto  undescribed,  but 
not  uncommon  at  some  of  the  *^  Challenger  "  stations,  can 
only  be  distinguished  with  difficulty  from  the  Clavuline 
group  of  Textularta,  its  moi^t  recognisable  character,  as  in 
so  many  other  instances,  being  a  tubular  neck.  In  confor- 
mation it  accurately  resembles  S.  dimorpha,  P.  and  J. ;  the 
test  is  thin,  but  it  is  composed  of  fine  sand-grains,  of  uniform 
size,  firmly  compacted.  This  species  helps  to  connect  the 
clear-shelled  forms  with  the  rough  Cretaceous  species  de- 
scribed by  d'Orbigny. 

But  the  form  now  under  consideration,  Sagrina  dtvaricata, 
presents  in  some  respects  a  further  deviation  from  the  typical 
structure  than  the  Clavuline  variety  alluded  to,  or,  indeed, 
than  any  previously  noticed.  Its  general  features  will  be 
readily  gathered  from  the  description  and  figures.  Specimens 
are  rarely  found  entire  owing  to  the  tenuity  of  the  con- 
necting stoloniferous  tubes,  but  in  certain  tropical  shallow- 
water  sands,  fragments  showing  the  neck,  and  sometimes  one 
or  two  segments,  are  not  unfrequent.  In  complete  specimens 
the  initial  chambers  are  clustered  into  a  little  ball  scarcely 
bigger  than  one  of  those  subsequently  formed. 

The  best  examples  that  have  been  found  occur  in  material 
from  Humboldt  Bay,  Papua  (87  fathoms),  and  off  Tongatabu 
(18  fathoms). 


Digiti 


zed  by  Google 


notes  on  rbticularian  rhizopoda.  277 

Olobioerinida. 

The  Globigerinida  form  a  large  and  diverse  group,  and 
almost  every  section  of  it  acquires  some  fresh  significance 
from  the  "Challenger"  collections.  Of  the  simple  non-septate 
genus  Spirillina  several  new  forms  are  now  to  be  described. 
The  genus  Chilostomella,  first  found  in  the  recent  condition 
two  or  three  years  ago  by  the  Rev.  A.  M.  Norman,  is  shown 
by  the  *'  Challenger  "  dredgings  to  have  a  wide  distribution 
as  a  living  type,  and  its  near  ally,  Allomorphina,  aforetime 
regarded  as  a  rare  Cretaceous  and  Early  Tertiary  fossil,  is 
represented  by  recent  specimens  from  two  to  three  localities. 
Pavonina,  concerning  which  little  or  nothing  has  been 
known  beyond  its  general  external  appearance  as  depicted 
by  d'Orbigny,  is  met  with  at  two  or  three  stations,  and  the 
difficulty  which  has  been  experienced  by  later  Rhizopodists 
as  to  its  zoological  affinity  is  found  to  have  arisen  from  the 
inaccuracy  of  the  original  figures.  Of  the  Rotaline  genera 
it  is  difficult  to  speak  briefiy,  the  number  of  species  obtained 
is  no  large.  Probably  the  result  of  their  examination  will 
be  of  value  rather  in  the  more  accurate  definition  and  better 
understanding  of  forms  already  known  and  named  than  in  the 
number  of  new  species  to  be  described.  There  are,  however, 
a  few  very  distinct  forms  not  previously  recorded.  Of  these, 
two  somewhat  important  Puhinulinai^  have  already  been 
noticed,  the  published  descriptions  being  founded  upon 
"  Challenger"  specimens,  and  a  striking  little  Planorbulina 
is  described  and  figured  in  the  present  paper. 

Of  the  genus  Globigerina  and  its  immediate  allies  a  some- 
what longer  summary  is  needful — one  that  may  serve  as  the 
basis  of  a  subsequent  detailed  exposition  of  so  important  a 
group — and  to  this  end  certain  new  species,  of  which  illus- 
trative figures  cannot  at  present  be  given  for  want  of  space, 
are  introduced,  as  well  as  circumstances  permit,  by  verbal 
descriptions. 

C?^itw— SPIRILLINA,  Ehrmberg. 

The  genera  S^rillina,  Cornuspira,  and  Ammodtscus,  are 
isomorphous,  and  represent  vitreous,  porcellanous,  and  are- 
naceous types  of  structure  respectively.  The  resemblance  of 
the  tests  of  some  of  these  simple  forms  to  the  shells  of 
pteropods  and  annelids,  whilst  often  a  source  of  difficulty 
where  the  imperforate  Comuspira  and  the  sandy  Ammodtscus 
are  concerned,  scarcely  affects  the  diagnosis  of  S^rillina, 
"  Pulvinulinafavus^  and  P.  Menardii,  var.  iumida," '  Geol.  Mag./ 1877, 
Dec.  2,  vol.  iv,  p.  535. 

VOL.  XIX.  —NEW  SER.  T 


Digiti 


zed  by  Google 


278  HENRY  B.  BRADY. 

the  shell- wall  of  which^  especially  in  the  young  condition^  is 
delicately  thin  and  transparent^  and  conspicuously  perforated. 
But  for  these  characters^  such  forms  as  that  no\y  described 
under  the  name  S^.  iruequalis  might  easily  be  mistaken  for 
minute  adherent  annelids. 

Several  well-marked  modifications  of  the  genus,  which 
have  hitherto  escaped  the  notice  of  naturalists,  have  been 
found  amongst  the  minuter  Foraminifera  of  shallow  water, 
especially  of  tropical  seas,  and  some  of  these  have  been 
selected  for  description.  The  enumeration  of  their  dis- 
tinguishing zoological  characters  with  the  drawings  figs.  25 
to  28  of  Plate  VIII,  will  be  sufficient  to  show  the  lines  in 
which  they  diverge  from  the  few  already  known  species. 

Spirillina  injequalis,  n.  sp.    PI.  VIII,  fig.  25,  a,  b. 

Characters. — Test  free  or  adherent,  discoidal,  thick ;  in- 
ferior face  flat,  broader  than  the  superior;  superior  gfurface 
excavated  at  the  umbilicus.  Composed  of  a  number  of  convo- 
lutions (three  to  five)  of  a  non-septate  tube.  Inferior  peripheral 
margin  acute  or  sub-carinate,  superior  obtuse.  Shell- 
wall  conspicuously  foraminated.  Diameter,  -yV  inch  (0-86 
millim.). 

Compared  with  the  typical  Spirillina  vivipara^  this  species 
presents  a  small  thick  shell,  with  a  sloping  instead  of  a 
rounded  peripheral  wall.  Though  it  has  never  been  met 
with  attached  to  any  hard  body,  the  appearance  of  its  in- 
ferior surface  and  the  fact  of  its  being  brought  up  upon 
minute  shreds  of  algee  and  the  like,  leave  little  doubt  that  it 
is  of  parasitic  habit.  The  extension  of  the  margin  of  the 
inferior  surface  is  due  mainly  to  the  thickening  of  the  shell- 
wall,  which  on  the  superior  side  remains  thin,  perforate,  and 
delicately  transparent. 

Spirillina  inaqualis  has  been  found  in  several  localities, 
notably  off  Nightingale  Island  (100  to  150  fathoms),  off 
Honolulu  Reefs  (40  fathoms),  and  from  the  Admiralty 
Islands  (17  fathoms). 

Spirillina  limbata,  m.  sp.    PL  VIII,  fig.  26,  a,  b. 

Characters, — Test  planospiral,  thin,  equilateral,  discoidal ; 
peripheral  margin  square.  Spiral  sutural  line  marked  ex- 
ternally by  a  raised  band  of  shelly  deposit ;  surface  other- 
wise smooth.     Diameter,  ^  inch  (0*4  millim.) 

This  is  a  well-marked  form  differing  from  Sp.  mvipara  in  ' 
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its  less  delicately  thin  shell-wall^  its  distinct  sutural  limba- 
tion,  and  its  square  periphery. 

The  *^  Challenger  '*  specimens  are  from  Prince  Edward's 
Island^  50  to  150  fathoms^  and  Bass  Strait^  38  fathoms. 

Spirillina  obconica,  n.  sp.    PL  VIII,  fig.  27,  a,  h. 

Characters. — ^Test  free,  spiral ;  contour  elliptical,  superior 
surface  conical,  inferior  surface  concave;  composed  of  several 
(seven  or  eight)  convolutions  of  a  narrow  non -septate  tube. 
Shell-wall  very  thin,  foramina  minute.  Diameter,  -rtir  inch 
(0-25  milHm.). 

An  exceedingly  minute  and  fragile  form,  resembling  not 
a  little  the  initial  convolutions  of  Patellina,  which  are  often 
non-septate.  Its  oval  contour  and  the  fact  that  it  is  found 
in  places  where  PateUina  has  not  been  met  with,  favour  the 
assumption  that  its  represents  an  independent  species. 

Spirillina  obconica  occurs  with  some  of  its  congeners  off 
Prince  Edward's  Island,  50  to  150  fathoms,  and  off  Christ- 
mas Harbour,  Kerguelen  Islands,  120  fathoms.  Perhaps 
also  in  one  or  two  other  localities,  which  I  cannot  at  the 
moment  refer  to. 

Spirillina  tubercuiata,  Brady.  PI.  VIII,  fig.  28,  a,  5. 

SpiriUina  tuberculaia,  Brady,  1878.  In  Siddall's  *' Foraminifera  of  the 
I)ee,"  *  Proc,  Chester  Soe.  Nat.  Sci./  pt.  ii, 
p.  50. 

Characters  {amended). — ^Test  free,  planospiral,  the  two 
sides  seldom  quite  symmetrical ;  peripheral  margin  rounded 
in  large  specimens,  often  somewhat  square  in  smaller  ones. 
Surface  more  or  less  covered  with  exogenous  deposit,  filling 
the  sutural  depressions  except  that  bounding  the  final  con- 
volution ;  the  exterior  of  the  whole  shell  beset  with  well- 
defined  raised  tubercles,  generally  more  strikingly  developed 
on  one  side  than  on  the  other.  Diameter,  ^^  inch  (0*64 
millim.). 

This  species  is  by  no  means  new,  though  it  remained  un- 
described  until  a  few  weeks  ago.  Many  years  since  I 
obtained  specimens  from  the  south  coast  of  England  (off 
Eddystone),  and  my  friend  David  Robertson,  F.G.S.,  subse- 
quently found  it  in  one  or  two  other  British  localities.  In 
Mr.  J.  D.  SiddalPs  collection  of  Foraminifera  from  the 
Estuary  of  the  River  Dee,  a  very  similar,  probably  identical, 
variety  occurs.  But  the  British  examples  are  relativelv  very 
poor  representatives  of  the  species,  and  they  are  perhaps  a 
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connecting  link  between  the  fully  developed  form  and 
Williamson's  Spirillina  margaritifera^  hence  the  description 
furnished  to  my  friend  Mr.  Siddall  {he.  cit.)  needs  a  little 
revision.  In  the  specimens  from  our  ovfn  shores  the  tuber- 
cular exostoses  are  frequently  confined  to  the  central  portion 
of  the  test^  which  is  otherwise  a  flat  or  slightly  concave  disc^ 
bearing  no  indication  of  the  spiral  internal  structure. 

Well*marked  individuals  of  this  species  are  found  in  two 
of  the  dredgings  off  Kerguelen  Islands^  namely,  in  Royal 
Sounds  ^  to  60  fathoms,  and  off  Christmas  Harbour,  ISO 
fathoms. 

C?enw«— CHILOSTOMELLA,  Reuss. 

Chilostomella  ovoidba,  Reu88.     PI.  VIII,  figs.  11,  12. 

Chilosiomella  ovoidea,  Reuss,  1849.    '  Denkscbr.  d.  math.-nat.  CI.  k.  Akad. 

d.  Wiss./  vol.  i,  p.  380,  pi.  48,  ^.  12. 
—  Czjzeki,     id.  ibid.,  pi.  48,  fig.  13. 

The  genus  Chilostomella  has  until  quite  recently  remained 
almost  unknown  to  English  Rhizopodists.  It  has  never  been 
found  amongst  the  fossils  of  our  microzoic  deposits,  and 
before  its  discovery  by  the  Rev.  A.  M.  Norman,^  in  sands 
dredged  off  Valentia  (112  fathoms),  and  amongst  material 
brought  by  the  scientific  staff  of  the  ^^  Valorous  "  from  the 
far  north,  its  range  of  distribution  was  supposed  to  be  limited 
to  certain  Tertiary  marls  of  Central  Europe.  It  is  never- 
theless  to  be  regarded  as  a  locally  or  partially  distributed 
rather  than  as  a  very  rare  recent  type,  for  it  occurs  in  con- 
siderable abundance  in  many  areas  far  apart,  and  the  wonder 
is  that  it  remained  so  long  unobserved. 

The  structural  features  of  Chilostomella  and  its  near  ally 
Allomorphinay  are  so  remarkable  that  Reuss  very  properly 
placed  the  two  genera  in  a  family  by  themselves,  which  he 
characterised  as  follows  (loc,  cit,) : 

^^  Enallostegia  cryptostegia, — Testa  libera,  irregularis, 
ineequilatera,  conflata  e  loculis  perfecte  amplectentibus, 
alternantibus,  ad  axes  vel  duos  oppositos  vel  tres  in  triangulo 
positos.     Contextura  testae  vitrea,  pellucida,  nitens." 

Seguenza's  interesting  genus  Ellipsoidina  is,  I  am  con- 
vinced, very  nearly  related  to  the  types  included  by  Reuss  in 
this  family;  and  the  descriptive  characters  above  quoted 
would  need  but  little  modification  to  admit  a  form  which 
differs  chieBy  from  Chilostomella  in  the  segments  springing 

»  '1160.  Foram.  Gt.  Br.,'  p.  93,  pi.  7,  ^^,  204. 
2  'Proc.  Roy.  See.,'  vol.  xxv,  p,  214. 
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uniformlv  from  one  end^  instead  of  alternately  from  the  two 
extremities. 

The  test  of  Chilostomella  may  be  described  in  general 
terms  as  composed  of  a  series  of  nearly  symmetrical^  ovate^  or 
elliptical  segments^  each  enclosing  the  whole  of  that 
previously  formed^  with  the  exception  of  a  small  portion  of 
its  end.  The  order  of  the  segments  is  alternate^  that  is  to 
say,  they  are  put  on  first  from  one  end^  then  from  the  other. 
The  line  of  union  is  not  directly  transverse  but  dips  towards 
one  side,  so  that  more  of  the  penultimate  chamber  is  exposed 
at  one  side  than  at  the  other.  The  aperture  is  crescentic, 
sometimes  bordered  by  a  thickened  lip,  and  always  situated 
on  the  margin  of  the  final  segment  in  the  region  nearest  to 
the  apex  of  the  shell.  In  shape  the  test  varies  from  an 
elongate,  sub-cylindrical,  to  a  short,  rounded,  oval,  between 
which  extremes  every  variety  of  contour  may  be  met  with ; 
the  ends  are  sometimes  blunt  and  rounded,  sometimes  more 
or  less  tapering,  so  that,  unless  Professor  Beuss's  two 
species  (C%.  ovaidea  and  Ch.  Czjzeki)  have  some  better  dis- 
tinguishing feature  than  mere  size  and  external  form,  they 
may  very  safely  be  resolved  into  one.  In  deep  water  the 
specimens  are  often  more  delicate  and  transparent,  and  also 
more  elongate  than  in  shallow  seas,  but  this  is  by  no  means 
an  invariable  rule.  One  or  two  individuals  of  this  species 
have  been  found  amongst  the  gatherings  of  surface  Forami- 
nifera,  but  there  seems  no  reason  to  suppose  that  the  type  is 
essentially  a  pelagic  one. 

CIMo$tomella  ovoidea  has  been  met  with  at  "  Challenger  ** 
stations  in  the  North  Pacific,  South  Pacific,  and  North 
Atlantic.  It  also  occurs  in  one,  or  two  of  the  "  Porcupine  " 
diedgings  from  more  northerly  areas  in  the  Atlantic  than 
any  point  of  the  "Challenger"  voyage,  and  the  Rev.  A. 
M.  Norman  has  obtained  the  species  in  some  abundance 
on  the  coast  of  Norway.  The  recorded  depths  of  the* 
"Challenger"  dredgings  in  which  it  has  been  found  are 
nearly  all  between  300  and  600  fathoms,  but  one  of  them  is 
as  deep  as  S300,  and  another  as  shallow  as  95  fathoms. 

G^««— ALLOMORPHINA,  Reuse. 

Allomorphina  trigona,  Beuss.    PI.  VIII,  figs.  18,  14. 

Jllomorphina  trigona,  Eeuss,  1849.   *  Denkschr.  d.  matb.-nat.  CI.  k.  Akad. 
d.  Wiss./  vol.  i,  p.  380,  pi.  48,  fig.  14. 
—  cretacea,  Eeuss,  1850.   '  Haidmger's  Abhandl.,*  vol.  iv,  p,  42, 

pi.  5,  fig.  6. 

The   genus  Allomorphina   differs   from    Cliilostomella  in 
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having  three  chambers  to  each  circuit  instead  of  the  alter- 
nating two^  andj  as  its  growth  takes  place  on  one  plane^  the 
test  assumes  a  sub-triangular  and  more  or  less  depressed 
contour.  There  does  not  appear  to  be  any  morphological 
distinction  between  the  two  **  species'*  above  quoted,  and 
mere  difference  of  geological  age  is  of  little  value  from  a 
zoological  standpoint;  nor  can  the  fossil  specimens  be 
separated  from  the  recent  ones  by  any  character  of  specific 
or  even  varietal  significance.  In  the  living  condition 
Allomorphina  is  exceedingly  rare,  and  the  individual 
specimens  are  small  and  delicate.  The  genus  is  supposed 
to  have  made  its  appearance  earlier  than  its  ally  OiiilostomeUa^ 
and  it  may  in  like  manner  be  the  first  to  die  out. 

In  two  dredgings  only  has  Allomorphina  trigona  been 
found  recent;  one  of  these  is  from  the  Hyalonema-^xownA  to 
the  south  of  Japan,  in  345  fathoms,  the  other,  off  Tahiti,  in 
620  fathoms. 


C?(?nt^«— PAVONINA,  d'Orhigny. 

Pavonina    FLABELL1F0RMI8,    (POrhigny.     PI.   VIII,   figs. 

29,  80. 

Pavonina flaheUifomis,  d'Orbigny,  1826.   'Ann.  Sci.  Nat./  vol.  vii,  p.  260,. 
No.  1,  pi.  10,  figs.  10,  11 :— Modele,  No.  56. 

D'Orbigny  obtained  this  rare  and  interesting  Foraminifer 
from  Madagascar  prior  to  1826,  and  from  that  time  until  a 
year  or  two  ago,  when  I  had  the  good  fortune  to  meet  with 
it  in  some  sand  dredged  by  my  friend  Dr.  E.  Perceval 
Wright,  in  shallow  water  iii  the  Seychelle  Islands,^  it  had 
not  been  found  by  any  subsequent  naturalist,  and  much 
doubt  had  been  expressed  as  to  its  structure  and  afiinity. 
Messrs.  W.  K.  Parker  and  T.  R.  Jones  suggested,  in  one  of 
their  papers  on  the  Nomenclature  of  the  Foraminifera,*  that 
it  might  **  possibly  be  a  symmetrical  Peneropolis,  more 
probably  a  semi-discoidal  modification  of  Orbitolites."  But 
the  specimens  now  brought  to  light  show  that  its  place  is 
far  from  the  porcellanous  series,  and  that  the  morphological 
difiiculty  has  arisen  from  a  slight  inaccuracy  in  d'Orbigny's 
figure  and  Model,  which  has  probably  arisen  from  defective 
microscopic  powers.  Careful  examination  of  the  specimens 
reveal  the  fact,  not  very  clear  at  first  sight,  that  the  early 
chambers  are  not  spiral  or  subspiral,  as  they  appear  to  be, 

*  *  Ann.  and  Mag.  Nat.  Hist.,'  1877,  ser.  4,  vol.  xix,'  p.  105. 
»    Ibid.,  1863,  ser.  3,  vol.  xii,  p.  440. 
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and  further  that  they  do  not  reach  the  entire  width  of  the  test, 
but  are  laid  on  alternately.  In  other  words^  that  the  shell 
begins  growth  as  a  Teztularia,  and  subsequently  constructs 
a  single  series  of  large^  flat^  arched  segments^  which  give  it 
its  fan-like  contour.  The  shell-wall  is  thin  and  transparent, 
the  perforations  numerous  and  large^  and  the  sutures  limbate. 
The  general  aperture  takes  the  form  of  a  row  of  small  orifices 
on  the  outer  face  of  the  terminal  segment.  The  diameter  of 
the  largest  specimen  which  has  been  found  is  ^  inch 
(about  1*0  millim.). 

Pavonina  Jiabelliformis  has  been  taken  at  three  of  the 
"  Challenger  "  stations^  namely,  Nares  Harbour,  Admiralty 
Islands,  17  fathoms ;  off  Culebra  Island,  West  Indies,  390 
fathoms ;  and  off  the  reefs,  Honolulu,  40  fathoms.  These, 
with  the  habitats  furnished  by  the  researches  of  d'Orbigny 
and  the  material  collected  by  Dr.  Perceval  Wright,  represent 
our  knowledge  of  the  distribution  of  the  species. 


C?^t^^_PLANORBTJLINA,  d*Orhigny. 

Planorbulina  echinata,  ».  *p.     PI.  VIII,  fig.  81,  a,  J,  c. 

Characters. — Test  nearly  spherical ;  composed  of  few  seg- 
ments, about  four  in  the  last  convolution.  Segments  ven- 
tricose,  unequally  arched,  embracing.  Shell  coarsely  perfo- 
rated and  usually  armed  externally  with  short,  blunt  spines. 
Aperture  large,  round,  sometimes  partially  closed  bjr  a 
shelly  plate  within  the  bordering  lip.  Diameter  ^  inch 
(0-32  millim.). 

The  affinity  of  this  little  organism  to  the  Rotalina  is 
easily  determined,  notwithstanding  its  anomalous  shape ;  and 
the  bordered  neck  which  forms  the  aperture,  together  with 
the  coarse  perforation  of  the  shell- wall,  suggest  its  more 
intimate  connection  with  the  genus  PlanorbuUna,  It  is  a  . 
minute,  inconspicuous  species,  and  cannot  well  be  confounded 
with  any  previously  known* 

PlanorbuUna  echinata  has  its  home  amongst  the  coralline 
sands  of  shallow  seas,  and  has  been  found  at  ten  or  twelve 
of  the  ^'Challenger"  stations, chiefly  amongst  the  islands  of 
the  Pacific.  Except  in  one  locality,  Nares  Harbour  just 
south  of  the  Equator,  the  number  of  specimens  from  any 
single  habitat  is  very  small. 
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Genus— GLOBIGERIN A,  (POrhigny. 

The  extent  and  variety  of  the  *^  Challenger"  soundings  and 
the  large  area  over  which  the  tow-net  was  employed  during 
the  expedition  have  furnished  opportunity  for  a  somewhat 
comprehensive  examination  of  the  shells  of  Globigerina  and 
the  allied  genera.  It  would  be  impossible  in  a  mere  preli- 
minary paper  like  the  present  one  to  treat  the  subject  even 
briefly^  in  its  numerous  aspects^  neither  could  it  be  done  to 
any  good  purpose  without  the  assistance  of  a  large  series  of 
illustrative  drawings.  These  will  appear  in  due  course,  and 
with  them  some  attempt  at  a  complete  history,  but  in  the 
meantime  there  are  one  or  two  points  that  may  be  concisely 
touched  upon,  such  as  the  range  of  morphological  variation 
presented  by  the  shells  of  the  Glohigerince,  and  the  better 
definition  of  the  quasi-specific  forms,  together  with  certain 
more  general  questions  afiecting  the  surface-fauna  of  the 
ocean  so  far  as  it  consists  of  calcareous  Rhizopoda. 

Professors  W.  K.  Parker  and  T.  Rupert  Jones,  in  their 
philosophical  and  valuable  memoir  on  *  Foraminifera  from 
the  North  Atlantic  and  Arctic  Oceans,'^  record  the  occur- 
rence of  only  two  species  of  Globigerina  (proper),  the  typical 
Gl.  bulloides  and  Gl.  injlata  ;  and  in  their  supplementary 
tables  recognise  but  two  others,  Gh  helicina  and  GL  hirsuta. 
The  limited  number  may  be  accounted  for  by  the  researches 
of  these  authors  having  been  conducted  chiefly  amongst 
the  northern  and  relatively  stunted  representatives  of  the 
group,  and  the  characters  assigned  to  the  genus  are,  no  doubt, 
more  or  less  affected  by  the  same  circumstance.  Their 
generic  definition,  which  agrees  in  all  essential  points  with 
Dr.  Carpenter's  more  extended  description,^  runs  as  follows  : 

"  The  shell  of  Globigerina  is  composed  of  a  series  of 
hyaline  and  perforated  chambers,  of  a  spheroidal  form, 
arranged  in  a  spiral  manner,  and  each  opening  by  a  large 
aperture  around  the  umbilicus,  in  such  a  manner  that  the 
apertures  of  all  the  chambers  are  apparent  on  that  aspect  of 
the  shell,  and  form  a  large  '  umbilical  vestibule'  "  (foe.  city 
p.  365).  It  will  be  seen  as  we  proceed  that  these  characters 
only  apply  to  one  section  of  the  genus,  and  that  possibly  not 
the  most  important,  and  it  may  even  be  open  to  question 
whether  Globigerina  bulloides,  the  hitherto  accepted  type  of 
the  group,  is  really  its  best  representative.  I  propose,  there- 
fore, to  enumerate  the  '^species"  which  I   have  found  it 

»  'Phil.  Trans.,' 1865,  vol.  civ. 
^  *  Introduction,*  p.  181. 


Digiti 


zed  by  Google 


NOTES  ON  RETICULARIAN   RHIZOPODA.  285 

necessary  to  recognise  and  to  give  briefly  the  distinguishing 
characters  of  each. 

Olohigerina  btdtoides,  d'Orbigny  (*  Anuales  des  Sci.  Nat./ 
5,  vol.  vii,  p.  277,  Modules  No.  17  and  76).— D/Orbigny 
described  this  species  at  four  or  five  different  times  and 
never  in  quite  identical  terms,  but  his  Model  No.  76  may 
be  accepted  as  a  fair  summary  of  the  characters  intended, 
and  this  presents  the  general  features  of  the  variety  most 
abundant  in  the  northern  seas.  The  test  is  convex,  the 
segments  spherical  and  few  in  number,  that  is,  about  four  in 
each  convolution  and  seldom  more  than  two  convolutions, 
and  the  inferior  surface  is  excavated  at  the  umbilicus,  forming 
a  recess  or  vestibule  into  which  the  apertures  of  the  indi- 
vidual segments  are  directed.  In  this  simplest  form  we  have 
a  tangible  and  easily  recognised  starting-point.  Though  it 
does  not  represent  the  best  development  of  the  type  it  is  the 
beginning  of  a  chain,  the  successive  links  of  which,  some  of 
greater  some  of  less  morphological  significance,  have  none 
of  them  any  pretension  to  rank  as  true  species,  but  which 
collectively  extend  over  an  area  of  variation  so  large  that 
the  salient  points  must,  of  necessity,  be  distinguished  by 
trivial  names.  The  following  notes  indicate  the  directions 
in  which  these  variations  take  place,  the  right  precedence  in 
nomenclature  being  as  far  as  possible  observed. 

Glohigerina  dubia^  Egger  Q  Neues  Jahrb.  fiir  Min.,*  1857, 
p.  281,pl.9,figs.7 — 9) — represents  the  best  development  of  the 
^'bulloides**  type.  It  has  a  fine,  thick,  regular  shell  with  about 
three  convolutions,each  consistingof  five  or  sixsegmen ts.  The 
segments^are  relatively  small,  the  peripheral  margin  rounded 
and  lobulate,  and  the  umbilical  vestibule  deeply  sunk. 

Olobigerina  cretacea,  d'Orbigny  (*  M^m.  Soc.  g^ol.,  Fr.,' 
vol  iv,  p.  84,  pi.  3,  figs.  12 — 14) — is,  on  the  other  hand, 
a  starved  form,  of  small  dimensions,  thin  and  flat- topped, 
the  inferior  surface  concave.  It  also  shows  the  umbilical 
vestibule,  and  differs  from  Gl,  bulloidea  chiefly  in  its  depressed 
contour,  and  the  more  compact  fitting  of  the  segments, 
especially  the  earlier  ones. 

GlobigerinaaquilateraliSy  nov. — This  is  a  variety  approach- 
ing Hasttgertna,  in  general  form.  The  test  is  planospiral 
and  symmetrical,  not  Rotalian  ;  it  consists  of  but  little  more 
than  a  single  convolution,  and  the  whole  of  the  segments  are 
sometimes  visible  on  both  sides.  The  final  segment  is  often 
smaller  than  the  penultimate,  as  is  sometimes  also  the  case 
with  Gl.  cretacea. 
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Olohigerina  digitata^  nov. — is  a  very  singular  modification 
of  the  type^  and  one  that  has  not  hitherto  been  described. 
The  earlier  segments  are  commonly  regular  and  trochoid^ 
but  the  later  ones  are  much  elongated  and  spreading. 
In  some  specimens^  generally  of  small  size,  the  final  segment 
only  is  extended,  like  the  index  finger  of  the  hand,  but  in 
others,  two,  three,  or  more  chambers  radiate  in  palmate 
fashion.  The  apertures  of  the  chambers  have  thickened  or 
lipped  borders.  It  is  a  rare  form,  and  usually  of  small  size, 
3V  inch  (0*5  millim.),  but  in  one  dredging  specimens  have 
been  met  with  measuring  -^  inch  (1*5  millim.)  in  diameter. 

Gloligerina  injlata,  d'Orbigiiy  (^  For.  Canar./  p.  184.  pi. 
2,  fig.  7 — 9)' — is  of  plano-convex  shape,  the  superior  or  spiral 
face  being  flat,  the  inferior  convex.  There  is  no  umbilical  ves- 
tibule, and  the  aperture  of  the  last  segment  is  the  only  orifice 
which  is  visible  externally ;  this  is  large  and  gaping,  and  con- 
stitutes a  distinctive  feature.  Ol.  in/lata  is  the  isomorph  of 
Rotalia  Soldanii  and  Ptdvinulina  crassa,  and  it  is  even 
difScult  sometimes  to  distinguish  it  from  the  latter  species. 

Glohigerina  Duterirei,  d'Orbignv  ('  Foram.  Cuba,*  p.  95, 
pi.  6,  fig.  22 — 24). — I  am  disposea  to  recognise  this  as  a 
convenient  name  for  a  small,  thick,  rounded  variety,  more 
compactly  built  than  Gl.  bulloides,  and  having  no  um- 
bilical vestibule,  but  a  single,  comparatively  small,  arched 
orifice,  with  thickened  lip.  It  has  neither  the  flat  superior 
surface  nor  the  gaping  aperture  of  Gl.  injlata. 

Glohigerina  rubra,  d'Orbigny  Q  Foram.  Cuba.,*  p.  94, 
pi.  4,  fig.  12 — 14) — exhibits,  perhaps,  the  most  important 
deviation  of  all  from  the  type  of  structure  with  ^hich  we 
'  started.  The  test  is  more  or  less  trochoid,  often  relatively 
very  tall,  and  has  about  three  segments  in  each  convolution. 
The  inferior  surface  has  one  arched  aperture  on  the  umbilical 
margin  of  the  last  segment,  but  many  of  the  segments 
have  either  one  or  two  large,  more  or  less  rounded  orifices 
on  their  superior  surface,  close  to  the  sutural  depressions. 
Fresh  specimens  have  a  pink  tinge,  and  the  earlier  cham- 
bers especially  are  often  of  very  bright  colour.  It  is  to  be 
regretted  that  d'Orbigny's  name  for  this  species  should  have 
been  associated  with  so  variable  a  characteristic  as  colour,  the 
more  so  as  in  his  description  he  makes  prominent  allusion 
to  the  numerous  apertures.  Several  of  the  Glohigerina 
show  a  tendency  to  pink  colouration,  though  none  to  the 
same  extent  as  GL  rubra. 

Glohigerina  conglohata,  nov.— is  a  large  subglobular  modi- 
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fication  of  the  *^  rubra ''  type,  in  which  the  early  segments  are 
small  and  compactly  arranged,  and  the  spire  convex  rather 
than  trochoid ;  the  later  segments  are  large,  particularly 
the  three  forming  the  final  conyolution,  and  disposed  so  as 
to  give  a  convex  base.  The  apertures  on  the  superior  surface 
are  numerous,  and  the  test  is  thick  and  coarsely  perforated. 

GloUgerina  sacculifera,  Brady  {'  Geol.  Mag.,*  Decade  ii, 
vol.  iv,  p.  586). — ^This  is  a  distinct  and  conspicuous  variety, 
briefly  noticed  in  a  short  paper  on  the  Foraminifera  of  a 
piece  of  white  friable  limestone  from  the  New  Britain  Group 
(loc.  ciL).  It  is  characterised  by  its  large  outspread  test,  of 
of  which  the  terminal  chamber  or  chambers  are  pouch-shaped 
or  pointed.  The  apertures  on  the  superior  surface  are 
numerous ;  that  of  the  final  segment  is  sometimes  directly 
over  the  inferior  orifice,  making  a  passage,  as  it  were, 
right  through  the  shell. 

Globigerina  helicina,  d'Orbigny  (*  Ann.  Sci.  Nat.,'  vol.  vii, 
p.  279,  No.  5 ;— Soldani, '  Testaceographia,'  vol.  i,  pt.  2,  pi. 
130,  figs,  ppf  qq,  rr) — is  an  anomalous  oblong  form  and  one 
rarely  met  with.  It  is  not  easy  to  describe  it  intelligibly 
without  the  aid  of  figures.  It  most  resembles  an  ordinary 
small  Globigerine  shell,  with  the  addition  of  a  little  inflated 
chamber  at  two  opposite  points  of  its  periphery.  The  superior 
surface  is  obscurely  spiral  and  shows  two,  three,  or  more 
apertures.  The  inferior  side  has  four  visible  segments ;  two 
large  and  oblong,  laid  side  by  side,  and  two*  small  and  in- 
flated, one  at  each  end  of  the  test ;  the  later  have  inferior 
apertures.  It  is  possible  that  Ol.  helicina  may  represent  a 
monstrous  condition  rather  than  one  of  the  more  permanent 
varieties  of  the  type.  I  have  met  with  precisely  analogous 
specimens  in  two  other  allied  genera,  and  these  have  been 
treated  as  abnormal  developments  of  the  species  to  which 
they  are  related,  namely,  PuUenia  obliqueloculata  and  Can- 
denia  nitida.  Justice  has,  perhaps,  scarcely  been  done  to 
the  accuracy  of  Soldani's  drawings  in  the  present  instance. 
Dr.  Carpenter  Q  Introd.,'  pi.  12,  fig.  )  employs  the  name 
Gl.  helicina  for  what  appears  to  be  only  an  immature  speci- 
men of  a  quite  different  variety  {Gl.  sacculifera).  Of  the 
three  figures  in  the  '  Testaceographia,'  referred  to  by 
(POrbigny,  that  marked  qq^  which  gives  both  the  superior 
and  inferior  aspects  of  the  shell,  is  the  most  cha  racteristic, 
and  leaves  nothing  to  be  desired  in  point  of  defi  nition. 

There  is  little  difficulty  in  distributing  the  Globerigina  of 
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the  "  Challenger"  collection  amongst  the  salient  types  above 
enumerated^  and  the  few  exceptions  that  occur  are  chiefly 
in  the  case  of  specimens  which  are  obviously  monstrous. 
Nothing  has  been  said  of  the  spinous  or  hirsute  surface- 
armature  in  the  light  of  a  zoological  character,  because 
it  appears  to  possess  no  specific  or  even  varietal  value. 
Examples  of  almost  every  "  species"  embraced  in  the 
foregoing  descriptions  are  met  with  from  time  to  time, 
more  or  less  covered  with  long  silky  spines,  but  such  speci- 
mens are  naturally  much  more  common  amongst  those  taken 
at  the  surface  of  the  sea  than  in  the  contents  of  the  dredge, 
and  the  spinous  condition  is  more  generally  noticed  in  young 
and  small  than  in  fully-grown  shells. 

There  are  a  few  recorded  forms,  though  very  few,  that 
cannot  properly  be  asigned  to  any  of  the  species  in  the  fore- 
going summary.  Of  these,  Gloligerina  marginata  (Reuss)^  is, 
perhaps,  the  most  important,  as  it  is  one  of  the  best  defined 
Cretaceous  forms.  It  belongs  to  the  "  bulloides  "  group,  and 
to  repeat  the  comparison  with  the  genus  Pulvinulinay  it  is 
the  isomorph  of  P.  Menardii,  just  as  Globigerina  injlata  is 
the  isomorph  of  P.  crassa.  I  do  not  recollect  ever  having  seen 
GL  marginata  in  the  recent  condition,  nor,  indeed,  otherwise 
than  as  a  Cretaceous  fossil.^  Two  other  species,  GL  elevata^ 
d'Orbigny,  and  GL  trochoides,  Reuss,  have  also  been  de- 
scribed from  Cretaceous  specimens,  but  I  have  been  un- 
able to  identify  them  with  any  forms  I  am  acquainted 
with.  Both  of  them  bear  some  resemblance  to  Globigerina 
rubra  in  their  general  features,  the  latter  especially  so,  but  the 
published  drawings  have  no  indication  of  orifices  on  the 
superior  surface. 

It  will  have  been  gathered  from  the  foregoing  resume  that 
the  spiral  Globigerina  may  be  roughly  divided  into  three 
groups  on  the  basis  of  the  position  and  character  of  the 
general  apertures,  and,  to  a  less  degree,  on  the  contour  of  the 
test.  These  are — Ist.  The  forms  with  an  excavated  cavity 
on  the  inferior  surface  ("umbilical  vestibule"),  into  which 
the  orifices  of  all  the  segments  open — type,  Globigerina  bul- 
loides. 2nd.  Those  with  only  one  external  orifice  situated  on 
the  face  of  the  terminal  segment,  at  its  point  of  junction  with 
the  previous  convolution — type,  Gl.  injlata.     8rd.  Those  in 

*  Rosalina  marginata^  Keuss,  1846.    '  Verstein,  Bohm.  Kreid/  pt.  1, 

36,  pi,  13,  fig.  74.    Figured  better  in  a  subsequent  paper  'Denkschr.  d. 

Akad.  Wiss.,'  vol.  vii,  pi.  26,  fig.  1. 

-  It  is  possible  that  the  Rosalim  Linnet  (*  Foram.  Cuba,*  j).  106,  pi.  6, 
fig.  10—12,  called  R,  Linneiana  in  the  text),  found  by  d'Orbigny  on  the 
coast  of  Cuba,  may  be  the  living  representative  of  this  species* 
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which  the  inferior  aperture  is  single  and  relatiTely  small^but  is 
supplemented  by  conspicuous  orifices  on  the  superior  or 
spiral  surface  of  the  test — type,  Gl.  rubra. 

But,  in  addition  to  the  spiral  Globigerina^  or  rather  those 
that  ippear  so  externally,  there  are  certain  spherical  forms 
constituting  the  reputed  genus  Orbtdina.  Without  entering 
into  minutiee,  Orbulina  may  be  defined  as  a  minute,  thin- 
walled,  Globigerine  shell  enveloped  in  a  large  globular  final 
chamber.  Examples  are  not  wanting,  amongst  other  genera, 
of  varieties  leading  up  to  similar  conditions,  but  in  none  is 
the  phenomenon  so  completely  deyeloped.  In  my  previous 
paper  I  have  indicated  the  fact,  suggesting,  by  its  uniformity, 
a  general  law,  that  when  a  Foraminifer  forms  an  abnormally 
large  segment,  growth  is  arrested  and  no  more  chambers  are 
produced.  Amongst  spiral  Foraminifera  Cymbalopora  buU 
hides  affords  the  most  familiar  example  of  a  species  with  a 
balloon-shaped  final  segment,  but  the  same  peculiarity  is 
developed  in  a  less  degree  in  certain  modificationsof  Dt^cor^ina 
and  Pulvintdina.  All  these  forms  have  another  character  in 
common  with  Orbulina,  namely,  a  double  series  of  perfora- 
tions ;  that  is  to  say,  the  wall  of  the  inflated  chamber  has 
two  sorts  of  orifices,  differing  in  size,  the  one  set  numerous 
and  uniformly  very  minute, nhe  other  uniformly  large  and 
fewer  in  number. 

The  question  arises  whether  the  characters  exhibited  by 
these  Orbuline  forms  are  to  be  regarded  as  of  mere  varietal 
significance  or  as  sufficient  to  warrant  subgeneric  or  generic 
distinction.  The  reply  seems  to  be,  that  the  close  affinity  to 
Globigerina  is  best  expressed  and  zoological  convenience  is 
best  served  by  accepting  Orbulina  as  a  subgeneric  type  of 
that  genus. 

Globigerina  [Orbulina)  universa,  d'Orbigny  ('Foram., 
Cuba,'  p.  86,  pi.  1,  fig.  1)— is  figured  by  d'Orbigny,  \yilliam. 
son  and  others  as  a  small  spherical  shell  of  yellowish  hue, 
with  a  neat,  round,  general  aperture  in  addition  to  the  per- 
forations that  have  been  already  alluded  to ;  but  Pourtales, 
Williamson,  and  Carpenter  have  all  dwelt  on  the  fact  that 
this  large  orifice  only  appears  in  a  minority  of  the  specimens 
found.  I  am  inclined  to  go  a  good  deal  further  and,  though 
not  prepared  to  say  that  it  does  not  sometimes  exist,  I 
believe  it  to  be  very  rarely  indeed  that  a  fresh  shell  possesses 
what  has  any  claim  to  be  considered  a  general  aperture. 
After  looking  over  thousands  of  specimens  I  have  not  been 
able  to  find  one  from  which  a  drawing  like  those  of  the  text- 
books could  be  made.     In  dredged  specimens  large  orifices 
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are  not  uncommon^  but  they  occur,  as  often  as  not^  two  or 
three  to  a  shelly  and  they  either  have  abrupt  angular  edges^ 
indicative  of  accidental  fracture^  or  they  are  found  at  spots 
where  the  shell  has  been  previously  worn  very  thin.  It 
must  be  remembered  that  the  nature  of  the  perforations 
which  already  exist  in  the  shell-wall  is  one  peculiarly  favor- 
able to  the  formation  of  larger  orifices  by  abrasion  or  pres- 
sure. The  matter,  perhaps,  is  not  one  of  very  great  conse- 
quence, seeing  that  it  is  admitted  on  all  hands  that  a  general 
aperture  is  not  an  essential  or  even  a  usual  characteristic 
of  OrbtUina.  In  Oymbalopora  under  similar  circumstances 
the  general  aperture  is  wanting,  and  a  series  of  large  per- 
forations, in  addition  to  the  normal  minute  ones,  takes  its  • 
place,  and  there  are  other  types  of  Foraminifera  that  Kave  a 
nupaber  of  conspicuous  pores  on  the  face  of  the  terminal  seg- 
ment when  it  is  of  abnormally  large  size.  It  appears  to  me 
clear,  therefore,  that  of  the  two  sets  of  perforations  in  Orbu^ 
Una,  the  larger  ones  stand  in  lieu  of  the  aperture  or  aper- 
tures of  the  normal  Globigerine  shell. 

Ol.  {Orbulina)  neojurensis,  Karrer  (*  Sitzungsb.  d.  k.  Akad. 
Wiss.,'  vol.  Iv,  p.  868,  pi.  3,  fig.  10).— The  surface  of  the 
test  in  many  species  of  helicoid  p^lobigerincB  often  bears  a  sort 
of  honeycombed  or  reticulate  ornamentation,  best  observed 
in  specimens  collected  at  the  surface  of  the  sea.  This  pecu- 
liarity is  seldom  met  with  in  the  Orbuline  varieties,  but  Dr. 
Karrer  has  described  and  figured  such  a  specimen  amongst 
other  fossil  microzoa  from  the  "White  Jura"  of  St.  Veit, 
near  Vienna,  under  the  name  above  quoted.  Dr.  WalHch 
has  a  drawing  of  a  similar  shell  in  his  memoir  on  the 
''North  Atlantic  Sea-bed,^*  pi.  6,  fig.  9,  and  examples  of 
the  same  form  have  been  met  with  both  by  the  Rev.  A.  M. 
Norman  and  myself  in  recent  Globtgerina-ooze ;  but,  both  in 
the  recent  and  fossil  condition,  the  variety  is  exceedingly  rare. 

Under  the  name  Olobigerina  bilobata  (^  For.  Foss.  Vien.,* 
p.  164,  pi.  9,  fig.  11 — 14)  d'Orbigny  has  figured  what 
appears  to  be  only  a  double  Orbulina  with  slightly  reticulated 
surface.  Monstrosities  of  this  kind  are  by  no  means  uncom- 
mon wherever  Olobigeriiue  abound,  and  sometimes,  though 
less  frequently,  specimens  with  two  supplementary  chambers, 
one  on  each  side  of  the  parent-cell,  may  be  met  with.  On 
these  grounds  it  does  not  seem  worth  binomial  distinction. 
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Gmw«— HASTIGERINA,  Wyville  Thomson. 
Hastigerina  pelagica,  {d^Orbigny). 

Nonionina  pehgica^  d'Orbigny,  1839.      *  Foram.  Am^r.  M^rid.,'  p.  27, 

pL  3,  figs.  13,  14 
Olobigerina  pehffica,  Ti^Tker  and  Jones,  1865.     'Pbil.  Trans.,'  vol.  civ, 

p.  336. 
Haitigerina  Murratfona,  Wy.  Thom.,  1876.    *Proc.  Roy.  Soc.,'  vol.  xxiv, 

p.  534,  pis.  22,  23. 

An  organism  very  closely  allied  to  Gloligerina,  with  which 
it  corresponds  also  in  its  pelagic  habit.  It  is  not  easy  to 
find  zoological  characters  to  separate  the  two  genera^  but  the 
nautiloid  symmetry  of  the  test  of  Hastigerina^  its  extreme 
tenuity^  the  embracing  contour  of  the  successive  convolutions 
(the  constituent  chambers  of  which  spring  from  the  umbilicus 
on  either  side)^  and  the  large  opening  on  the  face  of  the 
ultimate  segment  that  serves  as  the  aperture^  are  perhaps  its 
distinctive  peculiarities.  The  empty  shells  are  seldom  found 
amongst  dredged  sand  or  ooze^  and  when  they  do  occur  they 
are  invariably  much  broken,  owing  to  the  delicacy  of  the 
calcareous  walls.  When  living  the  test  is  armed  with  long 
spines,  but  the  bases  of  these  alone  are  left  in  the  dead  shells 
found  at  the  bottom. 

Under  the  name  Nonionina  pelagica,  d'Orbigny  describes 
and  figures  what  is  manifestly  the  present  species  (loc.  cit,), 
and  appends  the  following  remark : — "  Cette  esp^ce  est  une 
rare  exception  parmi  les  Foraminiferes  essentiellement 
cotiers,  puisque  nous  Pavons  prise  en  pleine  mer,  el  une 
grande  distance  des  c6tes  du  P^rou,  dans  I'oc^an  Pacifique, 
par  20®  de  latitude  sud  et  89°  de  longitude  ouest  de  Paris, 
oil  elle  nous  a  paru  tres  rare/'  His  figure  represents  a  shell 
somewhat  flatter  than  most  of  the  "Challenger"  specimens, 
with  the  sutures  and  umbilicus  rather  more  depressed,  and 
if  these  characters  should  be  found  sufficient  to  distinguish 
the  two,  Sir  "Wyville  Thomson's  specific  or  varietal  name 
might  be  retained  for  the  more  spheroidal  form. 

(?^tt^— CANDEINA,  d'Orbigny. 

Candbina  nitida,  d'Orbigny. 

Amongst  the  Foraminifera  from  various  habitats  figured  by 
d'Orbigny  in  the  final  plate  of  his  "  Vienna  Basin  "  mono- 
graph,^ are  several  that  have  been  a  source  of  difficulty  to 
subsequent  Rhizopodists,  perhaps  none  more  so  than  6an^ 
]  '  Vor.  Vo88.  Vien.'  p.  698»  pi  Sl»  fig.  28. 
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deina  nitida.  Except  its  recent  mention  by  name  amongst 
the  species  found  by  the  Rev.  A.*  M.  Norman  in  the  dredged 
material  obtained  on  the  '*  Valorous  '*  cruise,  I  cannot  find 
that  it  has  been  the  subject  of -actual  observation  with  any 
author  since  d'Orbigny's  time,  and  hence  conjectures  as  to 
its  position  and  affinity  have  fallen  somewhat  wide  of  the 
mark.  Max  Schultze,  in  his  scheme  of  classification,^  places 
Candeina  in  the  Subfamily  Uvellida,  between  Guttulina  and 
Globulina,  two  sections  of  the  genus  Polymorphina ;  and 
Von  Keuss,^  after  expressing  uncertainty  as  to  its  right  zoo- 
logical position,  suggests  that  it  possibly  represents  a  new 
and  distinct  family,  or  if  not,  that  perhaps  it  might  be  classed 
with  the  Polymorphin<B. 

The  genus  Candeina  does  represent  a  distinct  type  of  Fo- 
raminifera,  but  not  a  distinct  family.  Its  affinity  is  to  Glo- 
bigerina,  and,  with  specimens  to  refer  to,  its  characters  are 
easily  comprehended.  The  test  is  spiral  and  trochoid,  the 
segments  globose,  and  usually  three  to  each  whorl.  The 
earlier  chambers  are  minute,  the  later  ones  relatively 
very  large;  the  test  is  exceedingly  thin  and  smooth  and  has 
a  slightly  yellowish  tin^e ;  the  perforations  are  so  fine  that 
under  a  moderate  magnifying  power  it  appears  imperforate. 
Instead  of  a  single  general  aperture  it  is  provided  with  a 
series  of  little  rounded  orifices,  following  the  septal  lines, 
most  noticeable  on  the  sutures  of  the  later  chambers,  and 
seen  on  both  the  superior  and  the  inferior  surface  of  the  test. 
In  this  respect  it  resembles  the  Globigerince  of  the  ''rubra'* 
group,  but  the  orifices  are  smaller  and  more  numerous  and 
they  are  regularly  disposed. 

I  have  found  Candeina  nitida  amongst  other  pelagic 
Foraminifera  from  one  surface  gathering  (Philippine 
Islands).  Its  occurrence  in  the  "Challenger"  bottom- 
dredgings  is  pretty  much  confined  to  the  South  Atlantic  and 
South  Pacific.  D'Orbigny  states  (Joe,  cit.),  "Nous  n'en  avons 
qu'une  seule  espece  des  Antilles.  Nous  dedions  ce  genre  d 
M.  Ferdinand  de  Cand^." 


Notes  on  Pelagic  Foranwiifei'a. 

The  employment  of  the  towing-net  during  the  cruise  of 
the  "Challenger''  to  an  extent  never  before  attempted, 
and  the  careM  preservation  of  the  animal  and  vegetable 
organisms  collected  by  its  means,  have  furnished  the  ground- 
work, not  only  for  a  better  appreciation  of  the  nature  and 

»  'Ueber  den  Organ.  Polythal./  p.  52. 

3  « Sitzungsb.  d.  k.  Akad.  d.  Wiss.,'  vol.  xiiv,  p.  384. 
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conditions  of  life  at  the  surface  of  the  ocean^  but  also  for  a 
more  accurate  comparison  of  its  fauna  with  that  of  the  sea- 
bottom  than  has  heretofore  been  possible. 

The  earliest  allusion  to  Foraminifera  taken  at  the  surface 
of  thfe  sea  is  probably  d'Orbigny's  note  on  *'  Nonionina?^ 
pelagica  which  has  been  already  quoted ;  this  was  in  the  year 
1839.  There  is  no  difficulty  in  identifying  the  drawings  of 
the  specimens  then  found  with  Sir  Wyville  Thomson's 
Hastigerina  Murrayana,  or  its  congeners. 

In  1857,  Mr.  J.  D.  Macdonald^  figured  a  small  spinous 
Globigerina,  which  he  describes  as  "the  species  most  usually 
taken  at  the  surface  of  the  ocean.''  In  the  spring  of  the 
same  year  Dr.  Wallich  and  Captain  and  Mrs.  Toynbee 
appear  also  to  have  collected  pelagic  Olobigerince,  but  no 
considerable  addition  was  made  to  our  knowledge  of  the 
subject  until  ten  years  later,  when  Major  S.  R.  I.  Owen  con- 
tributed to  the  ^  Journal  of  the  Linnean  Society '  ^  a  paper 
"  On  the  surface-fauna  of  Mid-Ocean,"  which  contained  our 
first  detailed  account  of  pelagic  Rhizopoda,  and  the  first 
intimation  of  the  fact  that  the  genus  Puhinidina  was  almost 
as  important  a  constituent  of  the  surface-fauna  as  Olobigerina 
itself.  Major  Owen's  gatherings  contained  the  following 
forms — I  give  them  under  the  names  employed  in  his  paper — 


Olobigerina  bulloides,  d'Orb. 

—  hirsuia,  d'Orb. 

—  inflaia,  d'Orb. 

01.  (Orbulina)  universa,  d'Orb. 
—        —  continent  Owen. 


01.  {Orbulina)  acerosa,  Owen. 
Pulvinulina  Menardii,  d'Orb. 

—  eanarinesis,  d'Orb. 

—  Micheliniana,  d'Orb. 

—  crassat  d'Orb. 


Three  of  these  have^  as  I  think,  no  claim  to  rank  as  species 
or  even  as  named  varieties — but  this  is  a  question  that  need 
not  be  debated  here. 

Since  Major  Owen's  memoir  the  only  recorded  observations 
bearing  on  the  subject  are  to  be  found  in  the  brief  notes  sent 
home  from  time  to  time  by  the  " Challenger'^  staff,  and  in  the 
summary  of  the  zoological  work  accomplished  on  board  the 
vessel,  furnished  by  Mr.  Murray  for  the  'Proceedings  of  the 
Boyal  Society '  in  1876.*  These  refer  chiefly  to  points  connected 
with  the  life-history  of  Gloligerina  and  Hastigerina. 

Facilities  have  been  afforded  me  for  the  examination,  not 
merely  of  the  extensive  series  of  mountings  made  by  Mr. 
Murray  on  the  spot  from  the  contents  of  the  tow-net,  but 
also  of  portions  of  the  various  bottles  of  surface  organisms 

*  'Ann.  and  Mag.  Nat.  Hist.,'  ser.  2,  vol.  xx,  p.  266,  pi.  7. 

'  'Journ.Linn.  Soc.  Lond.,'  1867,  vol.  ix,  "Zoology,"  pp. '148 —157, 
pi.  6. 

•  '  Proc.  Roy.  Soc./  vol.  xxiv,  p.  471 — 644. 
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which  were  preserved  in  bulk,  and  I  have  bieen  enabled 
thereby  to  increase  considerably  the  category  of  known 
pelagic  species.  The  following  list  is  as  nearly  complete  as 
I  am  at  present  able  to  supply,  but  it  is  not  improbable  that 
there  may  be  one  or  two  varieties  of  Ohbigerina  still  to*  add. 
The  Globigerina  hirsuta,  GL  {Orbtdtna)  acerosa^  and  Ol. 
(Orb.)  conttnens,  of  Major  Owen's  paper,  are  all  abundant  in 
the  *'  Challenger  '*  gatherings,  but  their  characters  do  not 
appear  to  be  sufficiently  distinctive  nor  sufficiently  uniform 
to  warrant  separation  from  their  congeners,  and  they  have, 
therefore,  been  omitted  from  the  list,  or  rather,  are  included 
in  the  species  to  which  I  believe  them  to  belong. 


Globigerina  bulloides,  d'Orb. 

—  injlaia,  d'Orb. 

—  rubra,  d'Orh, 

—  saceulifera,  Brady. 

—  conglobata,  nov. 

—  aguikUeralis,  nov. 
Ql,  (Orbulina)  vlUversa,  d'OrB. 
Hattigmna  pelagiea  (d'Orb). 

—  —    var.  Murrayana, 
Wy.  T. 


Fullenia  obliqueloculaia,  P.  and  J. 
Maroidina  dehiicens^  P.  and  J. 
Candeina  niiida,  d'Orb. 
Fulvinulina  Menardii  (d'Orb). 

—  —        var.  iumida, 

—  canariensii  (d'Orb). 

—  cra^sa  (d'Oro). 

—  Micheliniana  (d'Orb). 
Q/mbalopora  bulloides,  d'Orb. 
Chilostomella  ovoidea,  Heuss. 


Some  few  of  these,  notably  Candeina  nitida  and  ChUo- 
atomeUa  ovoidea^  are  of  extreme  rarity  in  the  surface  gather- 
ings, whilst  jffa^^mna  ^^?a^i(?a  and  Cymbalopora  btdhides, 
though  tolerably  abundant  at  times,  are  very  local  in  their 
distribution. 

So  much  has  been  written  on  the  relation  of  the  surface 
Bhizopod-fauna  to  the  organic  remains  found  at  the  sea- 
bottom,  and  the  conclusions  arrived  at  by  different  observers 
^re  so  diverse,  that  a  brief  statement  of  the  facts  brought 
into  prominence  by  these  investigations,  may  not  be  without 
its  use.  On  a  question  concerning  which  so  little  in  the 
nature  of  positive  evidence  can  be  adduced,  it  is  necessary 
to  speak  with  great  caution,  and  it  is  possible  that  even 
now  we  are  not  in  a  position  to  arrive  at  more  than  pro- 
visional inferences.  My  own  observations  have  been  directed, 
firstly,  to  the  comparison  of  the  general  aspect  of  the  fauna 
of  the  surface  with  that  of  the  bottom ;  and  secondly,  to  the 
comparison  of  individuals  of  the  several  species  found  imder 
the  two  conditions,  in  respect  to  their  shell-structure  and 
similar  particulars. 

The  list  that  has  just  been  given  includes  all  the  species 
known  to  enjoy  a  pelagic  existence,  and  of  the  forms  enume- 
rated two  or  three  of  the  rarest  need  not  be  taken  into 
account.    Hastigerina  may  be  dismissed  in  a  word ;  it  is 
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probably  an  exclusively  pelagic  type,  and  I  have  never  met 
^ith  a  dredged  specimen  the  shell  of  which  was  more  than 
approximately  complete.  A  comparison  of  Oymbalopora 
btdloides  with  two  or  three  species  of  the  same  genus  not 
having  the  large  globular  chamber  would  lead  to  the  belief 
that  it  also  may  be  of  essentially  pelagic  habit. 

But  it  is  with  the  genera  Globigerina  and  its  immediate 
allies,  and  Pulvinulina,  that  we  are  chiefly  concerned  in  the 
present  inquiry.  Of  nine  recent  species,  or  well-marked 
varieties  of  Globigerina  (proper),  at  least  two-thirds  occur  in 
the  surface  gatherings  j  indeed,  though  there  are  three  or 
four  forms  that  hUve  not  been  satisfactorily  traced,  the  only 
ones  conspicuous  by  their  absence  are  Ol.  dubia^  which 
represents  the  most  finely  developed  modification  of  the 
'^  bulloides "  type,  and  GL  digitata,  the  most  divergent  of 
all  from  the  normal  form  in  its  structural  features.  The 
Orbuline  Globigerina  are  represented  by  0.  universa  in 
thin- shelled  condition,  and  the  absence  of  the  very  rare 
0,  neojurensis  need  not  excite  surprise. 

Amongst  the  Sphceroidinte,  the  thick-shelled  Sph,  dehiscens, 
with  its  coarsely  tubulated  walls,  is  not  uncommon,  whilst 
the  thin- shelled  Sph.  bulloides  has  never  been  met  with  at 
the  surface.  One  species  of  PuUenia  (P.  obliquelocvlatd)  is 
found  sparingly  at  the  surface,  whilst  the  two  smaller  forms, 
P.  spharoides  and  P.  quinqueloba,  are  only  known  from 
dredged  specimens.  Lastly,  Puhinulina  supplies  at  least 
five  forms  to  the  surface  fauna,  all  of  them  pertaining  to 
one  section  of  the  genus :  of  these,  two  are  rare,  P.  crassa 
and  P.  Menardiiy  var.  tumida,  and  of  theni  the  number  of 
specimens  found  is  insufficient  for  purposes  of  comparison  or 
argument;  the  rest  are  very  common.  Other  Pulvinulinos, 
found  in  abundance  in  dredgings  from  great  depths,  have 
never  been  obtained  by  the  towing-net. 

If  the  GlobigerincB  obtained  from  the  surface  of  the  ocean 
are  compared  with  specimens  of  the  same  species  collected 
by  the  dredge,  certain  differences  are  at  once  apparent,  the 
most  conspicuous  of  which  is  the  frequency  of  hirsute  or 
spinous  shells  in  the  former,  and  their  comparative  absence 
from  the  latter  source.  This  is  so  readily  accounted  for  that 
it  need  not  be  dwelt  upon.  It  has  already  been  stated  that 
nearly  all  the  morphological  varieties  of  Globigerina  may  be 
found  at  times  covered  with  these  long  silky  spines ;  and  on 
the  other  hand,  though  the  spinous  condition  is  very  frequent 
in  pelasic  shells,  it  is  by  no  means  invariable. 

Another  point  of  some  importance  is  the  relatively  smaller 
size  of  the  surface  specimens.    This  has  been  made  the 
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subject  of  careful  investigation^  the  largest  pelagic  specimen^ 
of  each  species  having  been  measured  side  by  side  with  good 
average  examples  from  bottom-dredgings.  The  result  has 
been  to  demonstrate  that,  with  the  possible  exception  of  the 
OrbtdifUB,  concerning  which  I  shall  have  to  speak  presently, 
the  largest  of  those  collected  at  the  surface  are  smaller  than 
average  adult  bottom  specimens.  In  all  the  species  this 
difference  in  size  is  apparent,  though  in  some  more  than 
others,  but  if  drawings  are  made  to  the  same  scale  the  rule 
becomes  strikingly  manifest.  It  would  be  easy  to  give 
measurements  in  support  of  this  point,  but  it  seems  better 
to  wait  until  the  matter  can  be  fully  discussed  with  the  aid 
of  plates. 

The  thickness  of  the  tests  of  some  pelagic  specimens  has 
been  the  ground  of  remark,  and  viewed  by  themselves  the 
largest  examples  of  certain  species  are  very  stoutly  built,  but 
as  a  matter  of  actual  measurement  they  will  not  bear  com- 
parison with  those  found  at  the  bottom.  Thus,  the  stoutest 
specimen  of  Sphceroidina  dehUcens  which  I  have  been  able  to 
find  amongst  the  surface  gatherings  has  a  test  of  about  -^^ 
of  an  inch  (0*05  millim.)  in  thickness,  and  the  heaviest- 
shelled  Olobigerina  conglobata  so  collected  is  not  more  than 
•g-^  of  an  inch  (0*032  millim.),  whilst  bottom  specimens  of 
either  species,  having  shells  -j-J-^  of  an  inch  (0*085  millim.)  in 
thickness,  are  not  unusual. 

The  case  of  Orbtdina  is  somewhat  different.  The  shells  of 
surface  specimens  are  nearly  as  large  as  those  of  average  size 
from  the  bottom,  but,  whether  spinous  or  not,  they  are 
invariably  very  thin  and  delicate.  Bottom  specimens  are 
not  only  thicker,  but  vary  very  much  amongst  themselves  in 
shell  texture  and  other  particulars.  The  most  noteworthy 
structural  condition  found  amongst  the  bottom  specimens  is 
one  in  which  the  shell  consists  of  a  number  of  distinct 
superimposed  layers — sometimes  four  or  five  separate  shelly 
envelopes — one  enclosed  within  the  other,  yet  without  any 
absolute  adhesion  of  their  walls.  In  such  cases  the  inner- 
most layer  is  usually  very  thin  and  perforated  with  large 
foramina,  the  outer  ones  coarser  and  thicker.  Nothing 
resembling  the  thick-shelled  Orbulince,  still  less  those  with 
multiple  tests,  has,  so  far  as  I  know,  been  noticed  amongst 
the  surface  organisms. 

There  is  another  fact  connected  with  the  subject  which 
has  a  certain  amount  of  weight,  namely,  that  though  the 
towing-net  has  been  largely  used  in  the  British  seas  and  in 
areas  at  which  Globigerince  are  found  to  a  greater  or  less 
extent  at  the  bottom,  no  single  specimen  has  been  met  with 
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amongst  the  Entomostraca  and  other  pelagic  microzoa  that 
have  been  captured. 

At  best  the  evidence  afforded  by  comparative  observations 
is  collateral  rather  than  direct,  and  the  only  positive 
testimony  that  could  be  adduced  would  be  such  as  the  sea- 
bottom  itself  could  alone  furnish,  and  of  a  sort  not  easily 
procured.  Material  brought  up  in  large  quantities  by  heavy 
dredges  and  trawls  is  manifestly  valueless  for  the  purpose. 
Under  any  circumstances  living  microzoa  would  not  be 
found  except  in  the  superficial  film  of  the  ocean-floor,  and 
even  there  they  would  be  largely  mixed  with  dead  and 
empty  shells ;  it  would  therefore  be  simple  waste  of  time 
to  decalcify  Olobiffertna-ooze  obtained  in  the  ordinary  way 
with  the  idea  of  finding  the  protoplasmic  bodies  of  the 
constituent  shells.  Indeed,  it  would  be  almost  as  reasonable 
to  expect  to  find  sarcode  animals  in  a  fossil  deposit  as  in 
material  possibly  representing  a  layer  several  inches  in 
thickness  of  the  sea -bottom.  The  old  methods  of  taking 
soundines,  either  with  the  lead  and  tallow  or  with  some  of 
the  smaller  appliances  that  succeeded  it,  though  of  com- 
paratively little  utility  for  the  general  purposes  of  zoological 
investigation,  were  perhaps  better  adapted  for  securing  a 
knowledge  of  the  superficial  layer ;  and  it  is  even  possible 
that  some  of  the  discrepancies  in  the  results  obtained  by 
different  observers  may  be  explained  through  the  different 
methods  by  which  their  material  has  been  collected. 

But,  in  addition  to  dredge  and  trawl,  another  appliance 
was  used  from  time  to  time  by  the  "Challenger"  naturalists 
in  bottom-collecting.  This  was  a  towing-net  attached  to  the 
trawl^  intended  to  receive  the  organisms  thrown  up  by  the 
rough  disturbance  of  the  superficial  layer  of  the  bottom-mud. 
It  was  without  any  great  expectation  of  positive  results  that 
I  determined  to  experiment  on  some  of  the  material  obtained 
by  its  means,  inasmuch  as  shells  more  or  less  filled  with 
sarcode  might  not  be  those  longest  held  in  suspension, 
though  the  difference  in  specific  gravity  between  sarcode  and 
sea- water  cannot  be  very  great.  But  the  result  has  been 
satisfactory  as  far  as  it  goes,  and  in  one  case  the  sarcode 
bodies  of  six  or  eight  per  cent,  of  the  shells  operated  upon 
were  left  after  treatment  with  acid.  Amongst  these  were 
easily  recognised  specimens  of  Glohigerinay  Pulvinulina 
Menardii  and  S^haroidina  dehiscens.  The  sarcode  was 
yellowish-brown  and  granular,  precisely  resembling  that  of 
in-shore  Rhizopoda  that  have  been  kept  some  time  in  alcohol 
before  being  decalcified.  *The  soft,  jelly-like  lobes  of 
Sphceroidina  retained  the  form  of  the  ^seudopodial  tubulation 
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of  the  shell  as  minute,  cylindrical  projections  from  the 
surface.^  Without  departing  from  an  attitude  of  caution  in 
accepting  evidence  upon  a  subject  so  beset  with  difficulty,  I 
will  endeayour  in  a  tew  words  to  summarise  the  facts  bearing 
upon  it,  chiefly  on  those  concerning  the  two  genera 
Ohhigerina  and  Ptdvtnulina. 

1.  We  have  positive  evidence  that  Foraminifera  do  live  at 
the  bottom  of  the  deep  sea,  from  the  common  occurrence  at 
great  depths  of  certain  forms  with  composite  or  arenacous 
tests ;  and  we  have  negative  evidence  in  the  same  direction 
in  the  entire  absence  from  the  surface  fauna  of  many  hyaline 
genera,  which  are  abundant  in  bottom  dredgings. 

2.  Both  in  Ptdvtnulina  and  Globigerina  (but  notably  in 
Puhinulina)  species  closely  allied  to  the  surface  forms  are 
common  in  the  bottom  ooze,  though  they  never  occur  at  the 
surface  ;  amongst  others,  Globigerina  dubia  and  Gl.  digitata, 
Puhinulina  elegans,  P.  Kar$ieni,  P.pauperaia,  and  P.fatms, 
Hence  there  is  no  d  priori  improbability  that  the  other 
members  of  the  same  genera  are  capable  of  supporting  life  at 
the  bottom. 

3.  A  comparison  of  specimens  of  the  same  species,  taken 
at  the  surface  and  at  the  bottom,  demonstrates  at  least  that 
the  average  size  of  the  former  is  less  than  of  the  latter,  and 
that  the  thickness  of  the  shell-wall  of  the  largest  surface 
specimens  bears  no  comparison  with  that  of  adult  bottom 
specimens. 

4.  Nothing  comparable  to  the  thick-shelled  Orbulina, 
still  less  to  those  with  tests  composed  of  several  layers,  is  to 
be  met  with  in  the  surface  fauna. 

5.  No  surface  Globigerince  have  hitherto  been  obtained  by 
means  of  the  towing  net  from  points  on  our  own  shores  at 
which  they  are  found  at  the  bottom. 

6.  A  fact  adduced  by  Dr.  Wallich,  of  some  weight,  as  I 
think,  namely,  that    Globigerina  shells    are  found  in  the 


"  I  find  a  note  of  Dr.  Wallich's,  in  a  lecture  deliyered  before  the  Eoyal 
Institution,  in  1861,  the  substance  of  which  appeared,  I  believe,  in  one  of 
his  earlier  papers,  which  is  quite  in  accordance  with  these  results.  Speak- 
ing of  a  particularly  pure  Globigerina  deposit  he  says : — **  The  specimens 
from  the  immediate  surface  stratum  of  the  sea-bed  alone  retained  their 
normal  appearances,  both  as  regards  the  perfect  state  of  the  sarcodio 
contents  or  the  shells  and  the  presence  of  the  pseudopodia.  The  latter 
•  organs  were  never  seen  by  me  in  an  extended  position,  but  in  the  specimens 
alluded  to,  and  in  those  only,  the  pseudopodia  occurred  as  minute  bosses, 
res^nbling  in  shape  the  rounded  rivet  heaas  on  boilers,  closely  adpressed  to 
the  external  surface  of  the  shell." 
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digestive  cavities  of  Ophiooom€B  living  at  the  bottom  at  great 
depths. 

7.  The  testimony  of  many  experienced  observers  (Ehren- 
bergy  Parker  and  Jones,  Wallich,  and  others)  that  the 
GlobiaerifUB  in  the  small  soundings  which  they  had  for 
exanunation  contained  the  sarcode  bodies,  the  colour  and 
nature  of  which  each  has  described,  with  which  statement 
my  own  results  from  the  material  taken  in  the  *^  tow-net 
attached  to  trawP*  generally  agree. 

It  may  be  that  some  of  these  arguments  bear  an  explana- 
tion other  than  that  which  appears  the  most  natural  one. 
The  only  facts  that  I  know  of,  per  contra,  are— 

1.  The  dredged  or  trawled  material  consists  of  nothing  but 
dead  or  empty  shells. 

2.  Dredged  specimens  from  great  depths  have  never  been 
observed  to  extend  their  pseudopodia. 

The  first  of  these  propositions,  as  I  have  already  shown, 
scarcely,  in  reality,  affects  the  question.  In  respect  to  the 
second,  it  is  to  be  observed  that  the  same  holds  good  of  the 
arenaceous  Rhizopoda,  which  we  know  live  at  the  bottom. 
Neither  will  any  one  who  has  had  much  experience  in  hand- 
ling shallow-water  Foraminifera,  and  knows  the  difficulty 
there  often  is  in  inducing  a  common  Rotalia  to  extend  its 
pseudopodia  after  being  taken  out  of  an  aquarium  and  put 
into  a  watch  glass,  wonder  much  at  the  want  of  this  particular 
evidence  of  life  in  specimens  whose  whole  environment  has 
been  thus  suddenly  changed  —  released  from  enormous 
pressure  and  brought  from  darkness  into  strong  light. 

In  addition  to  its  employment  at  the  surface  of  the  sea,  the 
tow-net  was  used  by  the  '^  Challenger'^  naturalists  suspended 
at  different  depths  in  the  water,  and  pelagic  Foraminifera 
were  collected  with  other  forms  of  animal  life  hundreds  of 
fathoms  below  the  surface.  I  confess,  therefore,  that  I  can 
see  no  anomaly  in  the  supposition  that  organisms  so  simply 
constituted  as  this  group  of  Protozoa  maybe  equally  at  home 
at  the  surface  and  at  the  bottom  of  the  ocean. 
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The  Morphology  of  the  Vertebrate  Olfactory  Organ. 
By  A.  MiLNEs  Marshall^  M,A.,  D.Sc,  Fellow  of  St. 
John's  College, Cambridge.  (With  Plates  XIII  and  XIV.)i 

Of  the  two  parts  into  which  the  present  paper  is  divided, 
the  first  deals  with  the  development  of  the  olfactory  nerve  in 
certain  selected  types  of  vertebrates ;  the  second  with  the 
development  of  the  olfactory  organ  in  the  same  types. 

Since  the  value  and  interest  of  anatomical  and  embryo- 
logical  facts  consist  largely  in  their  application  to  the  solution 
of  morphological  problems,  I  have  not  hesitated  to  draw 
inferences  freely  from  such  facts  as  I  have  been  able  to  bring 
to  light,  or  to  point  out  the  conclusions  to  which  these  facts 
seem  to  me  to  lead.  However,  in  order  to  separate  facts 
from  theories  as  sharply  as  possible,  each  part  of  the  paper 
has  been  further  subdivided,  those  portions  which  are  con- 
cerned with  matters  of  direct  observation  being  considered 
before  those  which  are  of  a  more  theoretical  or  speculative 
nature. 

I.  The  Development  of  the  Olfactory  Nerve. 

a.  In  the  dogfish. — For  the  opportunity  of  investigating 
the  development  of  Elasmobranchs  I  am  indebted  to  Mr. 
Balfour,  who,  on  the  completion  of  his  monograph  on 
Elasmobranch  fishes,  very  kindly  placed  at  my  disposal  the 
whole  of  his  stock  of  uncut  embryos.  In  addition  to  this 
I  have  had  the  great  advantage  of  free  access  to  the  very 
complete  series  of  preparations  made  by  Mr.  Balfour  in  the 
course  of  his  investigations,  and  have  availed  myself  of  his 
permission  to  figure  four  specimens,  illustrating  stages  of 
which  I  had  not  prepared  satisfactory  sections  myself. 

The  greater  number  of  the  embryos  thus  placed  in  my 
hands  were  those  of  the  ScyUium  canicula,  some  few  of 
Pristiurtis ;  but  inasmuch  as  the  two  genera  have  yielded 
identical  results  so  far  as  the  subject  in  hand  is  concerned, 
I  have  made  no  attempt  to  distinguish  between  them  either 
in  my  descriptions  or  figures.  Some  few  of  the  specimens 
were  hardened  in  picric  acid,  and  afterwards  stained  with 
heematoxylin ;  but  all  my  best  sections  were  from  embryos 
hardened  and  stained  in  a  i  per  cent,  solution  of  chromic 
acid,  to  which  a  few  drops  of  a  weak  solution  of  osmic  acid 
had  been  added. 

*  An  abstract  of  this  paper  was  read  before  the  Royal  Society  on  Feb- 
ruary 13tb,  'Proc.  Roy.  Soc./  No.  193,  1879. 
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With  regard  to  the  earliest  stages  in  the  development  of 
the  olfactory  nerve,  I  have,  unfortunately,  been  unable  to 
make  any  satisfactory  observations,  for  all  the  specimens 
younger  than  Balfour's  stage  k  were  in  bad  condition.  The 
chief  points  I  wished,  if  possible,  to  determine  were — firstly, 
whether  the  neural  ridge  extends  to  the  anterior  end  of  the 
fore  brain  in  Elasmobranchs,  as  I  have  already  shown  it  to  do 
in  the  chick  ;i  secondly,  whether  the  olfactory  nerve  is  de-  ^ 
veloped  from  this  ridge;  and,  lastly,  the  exact  date  of 
appearance  of  the  olfactory  nerve.  On  all  these  points  I 
have,  owing  to  the  unsatisfactory  condition  of  my  specimens, 
failed  to  obtain  reliable  evidence. 

Plate  XIV,  fig.  19,  represents  a  section  through  the 
head  of  a  dogfish  embryo  at  stage  m  of  Balfour^s  nomen- 
clature; the  section  is  made  in  a  plane  transverse  to  the 
longitudinal  axis  of  the  head,  and  passes  through  the  fore 
brain  (/.  J.),  the  olfactory  sacs  [plf.)^  and  the  olfactory 
nerves  (I). 

This  figure,  which  is  taken  from  one  of  an  excellent  series 
of  preparations  in  perfect  histological  preservation,  illustrates 
several  features  of  considerable  interest — (1.)  In  the  first 
place  it  will  be  noticed  that  the  fore  brain  presents  no 
trace  whatever  of  a  division  into  cerebral  hemispheres ;  in 
other  words,  that  the  olfactory  nerves  come  into  existence 
"before  the  cerebral  hemispheres^  and  are  therefore  con- 
nected at  first  with  the  forebrain,  and  not  with  the  hemi- 
spheres. As  confirmation  of  this  point,  I  may  repeat  that 
fig.  19  is  taken  from  an  embryo  at  stage  m,  while  Balfour 
has  already  shown,  and  my  own  observations  are  in  complete 
accordance  with  his  on  this  point,  that  until  stage  o  there  is 
no  trace  whatever  of  a  division  of  the  forebrain  into  cerebral 
hemispheres.' 

(2.)  There  is  no  trace  of  an  olfactory  lobe  or  vesicle. 
This  is  a  point  of  considerable  importance,  and  one  on  which 
I  desire  to  lay  stress.  The  figure  shows  that  at  stage  m 
the  olfactory  nerves  are  solid,  and  present  no  trace  of  a 
central  lobe  or  vesicle,  either  at  their  roots  or  at  any  part  of 
their  length. 

(3.)  The  olfactory  nerve  at  stage  m  agrees  closely  in  its 
general  relations  and  in  its  histological  characters  with  the 
other  cranial  nerves,  either  at  the  same  or  at  slightly  younger 
stages.      Like  these,  it  arises  from  the  upper  part  of  the 

*  'Quarterly  Journal  of  Microscopical  Science,'  January,  1878,   pp. 
13—10. 
^  'Elasmobrancb  Fishes/  p.  178. 
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sides  of  the  brain,  and  takes  a  course  downwards  and 
outwards,  at  right  angles  to  the  longitudinal  axis  of  the 
head.  Histologically  it  consists  of  roundish  or  oval  nu- 
cleated cells^  with^  as  Jret^  very  few  nerve  fibres,  agreeing 
completely  with  corresponding  stages  of  development  of  the 
other  cranial  nerves. 

Fig.  20  is  taken  from  a  section  through  the  same  region 
as  fig.  19,  but  from  a  dogfish  embryo  at  the  commencement 
of  stage  o.  The  magnifying  power  employed  is  the  same 
in  the  two  drawings,  so  that  an  exact  comparison  can 
be  made  between  them.  There  is  still  no  indication  of  a 
division  into  cerebral  hemispheres ;  the  forebrain,  as  in  fig. 
19,  is  still  undivided.  Though  the  embryo  has  grown  con- 
siderably the  olfactory  nerve  (i),  though  somewhat  thicker,  is 
no  longer  in  fig.  20  than  in  fig.  19,  a  fact  of  some  interest; 
its  point  of  attachment  ta  the  brain  has,  however,  shifted 
down  somewhat  towards  the  ventral  side.  The  most  im- 
portant fact  shown  by  fig.  20  is,  however,  the  existence  of 
the  earliest  rudiment  of  an  olfactory  lobe  {oL  t?.).  This,  as 
may  be  seen  from  the  figure,  is  exceedingly  small,  and  might 
indeed  be  easily  overlooked ;  it  is  a  small  shallow  pit, 
formed  almost  entirely  at  the  expense  of  the  inner  wall  of 
the  forebrain,  and  situated  opposite  the  root  of  origin  of  the 
olfactory  nerve. 

In  fig.  21,  taken  from  one  of  Mr.  Balfour's  specimens,  the 
same  parts  are  shown  at  a  stage  intermediate  between  stages 
o  and  p.  The  olfactory  vesicle  {ol.  v.)  is  seen  to  have  grown 
very  rapidly,  and  is  now  a  conspicuous  object.  The  olfactory 
nerve  (i),  on  the  other  hand,  has  remained  almost  stationary 
as  far  as  size  is  concerned ;  it  has,  however,  undergone  con- 
siderable histological  change ;  the  cells  composing  its  proxi- 
mal part  or  root  of  origin  are  more  elongated  and  fusiform 
than  before,  while  beyond  this  part  the  nerve  presents  a 
ganglionic  expansion  consisting  mainly  of  roundish  cells, 
similar  to  those  which  previously  constituted  the  whole 
nerve,  and  which  gives  off,  distally,  bundles  of  nerve  fibres 
distributed  to  the^Schneiderian  folds  of  the  olfactory  mucous 
membrane. 

The  condition  of  the  olfactory  nerve  and  lobe  at  stage  q 
is  shown  in  fig.  22,  also  taken  from  one  of  the  specimens 
lent  me  by  Mr.  Balfour,  who  has  described  this  stage  as 
follows :— "  The  lateral  ventricles  are  now  separated  by  a 
median  partition,  and  a  slight  external  constriction  marks  the 
lobes  of  the  two  hemispheres ;  these,  however,  are  still  united 
bv  nervous  structures  for  the  greater  part  of  their  extent. 
The  olfactory  lobes  are  formed  of  a  distinct  bulb  and  stalk. 
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and  contain^  as  before^  prolongations  of  the  lateral  yen- 
tricles/'i 

It  will  be  noticed  that^  while  in  fig.  21  the  olfactory  lobe 
projects  out  at  right  angles  to  the  brain,  and  the  olfactory 
nerve  arises  from  its  extreme  tip^  in  fig.  22  the  olfactory 
lobe  is  bent  downwards^  so  as  to  lie  against  the  side  of  the 
cerebral  hemisphere^  and  the  olfactory  nerve  no  longer  arises 
from  its  apex^  but  slightly  from  its  dorsal  surface.  From  the 
condition  here  represented  to  that  of  the  adult  the  changes 
are  unimportant. 

The  earlier  stages  of  the  olfactory  nerve  I  have  not  been 
able  to  work  out  satisfactorily^  for  reasons  already  mentioned. 
In  fig.  15  the  nerve  is  represented  in  longitudinal  and  ver- 
tical section  at  stage  m.  It  is  easily  recognisable  at  stage 
Jay  and  I  have  also  succeeded  in  satisfying  myself  of  its 
existence  as  far  back  as  stage  k. 

Fig.  14  represents  a  transverse  section  through  the  ante- 
rior part  of  the  head  of  an  embryo  at  the  commencement 
of  stage  K ;  the  section  passes  through  the  forebrain,  and 
through  both  olfactory  pits ;  on  the  right  side  a  small  mass 
of  cells  (i)  in  contact  with  the  bottom  of  the  pit  is  stained 
rather  more  deeply  than  the  surrounding  mesoblast  cells. 
From  coipparison  with  the  condition  of  what  is  undoubtedly 
the  olfactory  nerve  at  slightly  later  stages^  I  consider  it  very 
probable  that  these  cells  fofm  part  of  the  olfactory  nerve, 
but  cannot,  of  course,  speak  with  any  certainty  on  this  point. 
Apart  from  the  insufficient  material  at  my  disposal,  the  inhe- 
rent difficulties  of  the  investigation  are  very  great,  for  at 
these  early  stages  the  olfactory  nerve  consists  entirely  of  cells, 
which  differ  but  little  from  the  surrounding  mesoblast  cells ; 
the  nerve  is  also  exceedingly  short,  owing  to  the  close  proxi- 
mity of  the  olfactory  pit  to  the  brain,  while  a  new  difficulty 
is  introduced  by  cranial  flexure,  which  is  increasing  rapidly 
about  this  time,  and  so  causes  a  constant  shifting  in  the 
relations  of  the  surrounding  parts  to  one  another. 

My  investigations,  then,  lead  me  to  give  the  following 
account  of  the  development  of  the  olfactory  nerve  in  Elasmo- 
branchs.  The  nerve  arises  at  some  period  earlier  than  stage 
K ;  it  is  at  first  connected  with  the  upper  part  of  tbe  side 
of  the  forebrain ;  between  stages  l  and  o  its  root  shifts 
downwards  to  a  certain  extent  towards  the  ventral  surface ; 
the  nerve  itself  is,  from  the  earliest  period  at  which  it  can  be 
recognised,  solid  ;  the  earliest  trace  of  an  olfactory  lobe  ap- 
pears at  the  commencement  of  stage  o  as  a  shallow  depres- 
eion  of  the  inner  wall  of  the  forebrain  opposite  the  root  of 
1  Op.  cit.,  p.  179. 
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the  olfactory  nerve ;  this  olfactory  lobe  grows  very  rapidly, 
and  soon  attains  a  large  size,  while  the  olfactory  nerve  re- 
mains almost  stationary ;  the  nerve  is  at  first  connected  with 
the  apex  of  the  olfactory  lobe,  but  subsequently  mounts 
somewhat  on  to  its  dorsal  surface ;  finally,  the  olfactory  nerve, 
throughout  its  development,  agrees  closely  in  histological 
characters  and  in  the  changes  which  it  undergoes  with 
the  other  cranial  nerves. 

Balfour  has  given  a  somewhat  different  account  of  the 
development  of  the  olfactory  nerve.  After  noticing  that  the 
olfactory  lobes  first  arise  during  the  stage  o,  he  says: — 
''  From  the  peripheral  end  of  each  olfactory  lobe  a  nerve, 
similar  in  its  histological  constitution  to  any  other  cranial 
nerve,  makes  its  appearance ;  this  divides  into  a  number  of 
branches,  one  of  which  passes  into  the  connective  tissue 
between  the  two  layers  of  epithelium  in  each  Schneiderian 
fold.  On  the  root  of  this  nerve  there  is  a  large  development 
of  ganglionic  cells.  I  have  not  definitely  observed  its  origin, 
but  have  no  reason  to  doubt  that  it  is  a  direct  outgrowth 
from  the  olfactory  lobe,  exactly  similar  in  its  mode  of  deve- 
lopment to  any  other  nerve  of  the  body."^  A  little  further 
on  he  remarks :  "  Even  the  few  preparations  of  which  I  have 
given  figures  appear  to  me  to  prove  that  .  .  .  from  the 
(olfactory)  bulb  a  nerve  grows  out  which  has  a  centrifugal 
growth  like  other  nerves  of  the  body,  and  places  the  central 
olfactory  lobe  in  communication  with  the  peripheral  olfactory 
sack."« 

The  differences  between  this  account  and  my  own  are  suffi- 
ciently obvious.  According  to  Balfour,  the  olfactory  lobe 
exists  before  the  olfactory  nerve,  and  the  nerve  is  a  "  direct 
outgrowth  from  the  olfactory  lobe.^'  A  minor  point  of 
difference  is  that,  according  to  Balfour,  the  connection  be- 
tween the  olfactory  nerve  and  the  olfactory  pit  is  not  acquired 
till  towards  the  end  of  stage  o.  I  believe,  however,  that  these 
differences  are  due  to  Balfour  having  overlooked  the  exist- 
ence of  the  olfactory  nerve  during  its  early  stages.  The 
first  stage  at  which  he  has  described  the  olfactory  nerve  is 
that  which  I  have  represented  in  fig.  21,^  while  the  specimens 
I  have  figured  (figs.  19  and  20)  appear  to  me  to  prove  indis- 
putably the  existence  of  the  olfactory  nerve  at  a  much 
earlier  period,  and  the  connection  between  the  olfactory  nerve 

1  Op.  cit.,  p.  178. 

«  Op.  cit.,  p.  183. 

3  The  section  from  which  this  figure  is  drawn  is  one  of  the  same  series, 
if  not  the  identical  specimen,  as  that  described  by  Balfour,  and  figured  bj 
him  in  PI.  XV,  fig.  2. 
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and  olfactory  pit  appears  to  be  acquired  at  least  as  early  as 
stage  K. 

J.  In  the  chick, — I  propose  to  consider  the  chick  next, 
partly  because,  having  devoted  more  time  to  the  embryology 
of  the  chick  than  of  other  vertebrates,  I  have  a  better  and 
more  complete  series  of  preparations  to  refer  to,  and  partly 
because  I  wish  to  direct  particular  attention  to  the  very  close 
correspondence  that  exists  between  the  chick  and  the  dog- 
fish in  the  mode  of  development  of  the  olfactory  nerve. 

Concerning  the  early  stages  of  the  olfactory  nerve  in  the 
chick  I  have  little  or  nothing  to  add  to  the  account  I  have 
already  given  in  this  Journal.^  The  result  of  a  careful 
re-examination  of  my  former  preparations,  and  the  investiga- 
tion of  a  considerable  number  of  new  specimens  prepared 
since  my  former  paper  was  published,  has  been  to  confirm 
my  previous  description  on  all  points.  Though  I  have  again 
failed  to  trace  satisfactorily  the  changes  that  occur  between 
the  thirtieth  and  fiftieth  hours  my  further  work  has  shown 
no  reason  for  altering  the  view  I  have  previously  expressed, 
that  the  olfactory  nerve  is  developed,  like  all  the  other 
cranial  nerves  (except  the  optic,  the  sixth,  and  (?)  the  fourth 
nerve),  from  the  neural  crest ^.  However,  whether  this  be 
so  or  not  is  of  comparatively  little  importance  to  the  subject 
with  which  we  are  now  concerned. 

Plate  XIII,  fig.  10,  represents  part  of  a  transverse  section 
through  the  fore  part  of  the  head  of  a  duck  embryo  towards 
the  end  of  the  fourth  day.  This  figure,  which  is  repeated 
with  slight  alterations  from  a  former  paper,^  happens  to  show 
the  points  to  which  I  wish  to  call  attention  rather  better 
til  an  any  of  my  chick  preparations,  the  specimen  from  which 

»  *  Quarterly  Journal  of  Microscopical  Science,'  January  1878,  pp.  17 — 23. 
To  avoid  repetition,  I  beg  to  refer  tne  reader  to  the  detailed  account  of  the 
early  stages  contained  in  this  paper. 

^  I  tale  this  opportunity  to  make  a  slight  alteration  in  the  nomencla- 
ture adopted  in  ray  former  papjer.  I  have  there  suggested  the  term 
neural  ridge  for  the  longitudinal  ridge  of  cells  which  grows  out  from  the  re- 
entering angle  between  the  external  epiblast  and  the  neural  canal,  and  from 
which  the  nerves,  whether  cranial  or  spinal,  arise.  Since  this  rid^e  appears 
before  closure  of  the  neural  canal  is  effected,  there  are  manifestly  two 
neural  ridges,  one  on  either  side ;  but  I  have  also  applied  the  same  term, 
neural  ridge,  to  the  single  outgrowth  formed  by  the  fusion  of  the  neural 
ridges  of  the  two  sides  after  complete  closure  of  the  neural  canal  is  effected, 
and  after  the  external  epiblast  has  become  completely  separated  from  the 
neural  canal.  1  propose  in  future  to  speak  of  this  single  median  outgrowth 
as  tlie  neural  crest,  bmiting  the  term  neural  ridge  to  the  former  acceptation. 
Thus,  while  there  are  two  neural  ridges,  there  is  only  one  neural  crest,  a 
distinction  that  will  be  at  once  evident  on  reference  to  my  former  figures. 

'  *  Journal  of  Anatomy  and  Physiology,*  vol.  xi,  plate  xxi,  fig.  13. 
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it  was  taken  being  in  unusually  good  preservation.  The 
section  passes  through  the  forebrain  {f,  l.)y  the  olfactory  pit 
{olf.)i  and  the  olfactory  nerve  (i).  From  it  we  learn  (1) 
that  the  olfactory  nerves  exist  prior  to  the  cerebral  hemi- 
spheres^ of  which  latter  there  is  in  this  specimen  no  trace 
whatever;  (S)  that  in  this  stage  there  is  no  indication  what- 
ever of  an  olfactory  lobe ;  (3)  that  the  olfactory  nerve  is  in 
its  early  stages  connected  with  the  upper  or  dorsal  part  of 
the  side  of  the  forebrain  ;^  (4)  that  the  connection  between 
the  olfactory  nerve  and  olfactory  pit  is  very  early  acquired ; 
(5)  that  the  olfactory  nerve  at  this  stage  agrees  closely  in 
histological  characters  with  the  corresponding  stages  of  the 
other  cranial  nerves,  consisting  almost  entirely  of  roundish 
or  oval  nucleated  cells  with  few  or  no  nerve  fibres. 

This  figure  may  be  advantageously  compared  with  fig.  19, 
which  represents,  as  already  described,  a  section  through  the 
same  region  in  a  dogfish  embryo  at  stage  m.  The  resem- 
blance between  these  two  figures  is  indeed  very  striking, 
and  extends  even  to  the  minute  histological  details.  I 
would  lay  great  stress  on  this  resemblance,  and  submit  that 
this  close  correspondence,  amounting  almost  to  identity,  in 
the  condition  of  the  olfactory  nerve  at  similar  stages  in  two 
vertebrates  so  widely  separated  as  the  chick  and  the  dogfish, 
affords  very  strong  evidence  in  favour  of  the  correctness  of 
my  observations.  Such  differences  as  do  exist  are  of  very 
minor  importance.  Apart  from  the  slight  difference  in  general 
configuration,  the  most  significant  are  the  rather  larger 
relative  size  of  the  olfactory  nerve  and  pit  in  the  dogfish, 
obviously  correlated  with  their  condition  in  the  adult,  and 
the  fact  that  in  the  duck  the  attachment  of  the  olfactory 
nerve  is  rather  nearer  to  the  summit  of  the  forebrain  than  in 
the  corresponding  stage  of  the  dogfish. 

The  appearance  of  the  cerebral  hemispheres  towards  the 
close  of  the  third  day  in  the  chick  causes  considerable  altera- 
tion in  the  position  and  relations  of  the  olfactory  nerves. 
The  hemispheres  are  lateral  outgrowths  of  the  forebrain,  and 
are  from  the  first  situated  on  the  dorsal  side  of  the  roots  of 
the  olfactory  nerves.  They  grow  forwards  and  upwards  with 
exceeding  rapidity,  and  by  so  doing  drive  the  olfactory  nerves 
down  to  the  base  of  the  brain,  and  so  cause  these  nerves  to 
appear  to  arise  from  their  under  and  anterior  part ;  a  change 

^  Tbough  the  nerve  i^  in  close  contact  with  the  brain*  the  actual  connec- 
tion between  the  two  is  not  seen  in  the  specimen  fiffured ;  it  is  clearly  visible 
in  one  of  the  sections  of  the  same  series  immediately  adjacent,  which,  how- 
ever,  does  not  show  the  whole  length  of  the  nerve,  and  is,  therefore,  less 
suitable  for  figuring. 
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which  has  proved  a  fruitful  source  of  misconception  as  to  the 
true  nature  and  relations  of  the  olfactory  nerves^  especially 
as  these  latter  are  usually  not  recognised  until  they  have 
taken  up  this  secondary  position. 

The  change  to  which  I  have  just  referred  is  well  illus- 
trated by  fig.  11^  a  transverse  section  through  the  anterior 
part  of  the  head  of  a  chick  embryo  at  the  eightieth  hour. 
The  section  shows  the  commencing  cerebral  hemispheres 
(c.  A.)  growing  upwards  and  outwards  from^the  forebrain;  it 
also  passes  through  the  margins  of  the  two  olfactory  pits 
{olf.),  and  on  the  left  side  through  the  root  of  the  olfactory 
nerve  (i)  at  its  point  of  origin  from  the  brain ;  the  figure 
shows  very  clearly  the  efiect  of  the  appearance  of  the  cerebral 
hemispheres  on  the  position  of  the  olfactory  nerves^  and 
shows  further  how  the  secondary  connection  of  these  nerves 
with  the  hemispheres  is  acquired. 

Fig.  12  represents  a  section  from  the  same  series  as  fig.  11^ 
but  taken  a  little  further  back^  passing  through  the  olfactory 
pits  {olf.)  at  their  deepest  parts.  On  the  right  side  the 
section  passes  through  the  distal  portion  of  the  olfactory 
nerve  (i),  which  is  seen  to  be  in  continuity  with  the  bottom 
of  the  olfactory  pit. 

In  figs.  11  and  12  the  olfactory  nerve  has  the  same  histo- 
logical character  as  in  fig  10  ;  it  is^  however,  relatively,  if 
not  indeed  absolutely,  smaller  than  at  the  earlier  period. 
The  figures  further  show  clearly  that  there  is  as  yet  no  trace 
whatever  of  an  olfactory  lobe. 

I  have  elsewhere^  given  figures  and  description  of  the  con- 
dition of  the  olfactory  nerves  at  the  ninety-third  hour  in  the 
chick,  at  which  date,  excepting  a  general  increase  in  size, 
their  condition  difiers  but  little  from  that  at  the  eightieth 
hour. 

Figs.  7  and  8  represent  longitudinal  and  vertical  sections 
through  the  anterior  part  of  the  head  of  a  chick  embryo  to- 
wards the  end  of  the  sixth  day  of  incubation.  As  the  olfac- 
tory nerve  did  not  lie  exactly  in  the  plane  of  section  it  has 
been  necessary  to  figure  two  sections,  of  which  the  more 
superficial  one  (fig.  7)  shows  the  greater  part  of  the  length 
and  the  peripheral  distribution  of  the  olfactory  nerve ;  while 
the  second  section  (fiff.  8),  taken  at  a  slightly  deeper  level, 
shows  the  root  of  origin  of  the  nerve  from  the  brain.  The 
olfactory  nerve,  which  is  still  short,  presents  a  proximal  gan- 
glionic swelling  at  its  point  of  origin  from  the  hemisphere, 
seen  best  in  fig.  8 ;  alonff  the  greater  part  of  its  length  the 
nerve  consists  of  very  elongated  fusiforna  cells,  with  a  few 

1  Loo.  dt.,  p.  20,  and  FUto  II,  figs.  17—10. 
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spherical  ganglionic  cells  at  intervals ;  distally,  at  its  connec- 
tion with  the  olfactory  pit^  it  presents  a  second  ganglionic 
swelling,  fig.  7. 

A  point  of  very  considerable  interest,  shown  in  the  clearest 
possible  manner  by  these  figures,  is  that  up  to  this  date  there 
is  no  indication  of  an  olfactory  lobe ;  indeed,  instead  of  a 
hollow  process  of  the  hemisphere  at  the  point  of  origin  of 
the  olfactory  nerve,  there  is  at  this  point,  as  is  shown  by 
both  figures,  but  especially  by  fig.  8,  a  slight  external  de- 
pression, with  a  very  obvious  internal  projection  of  the  wall 
of  the  hemisphere. 

Fig.  9  represents  a  similar  section,  in  a  longitudinal  and 
vertical  plane,  through  the  nasal  region  of  a  chick  at  the 
end  of  the  seventh  day ;  passing  through  the  cerebral  hemi- 
sphere (c.  A.),  the  eye  (o.  c),  the  anterior  extremity  of  the  oph- 
thalmic branch  of  the  fifth  nerve  (v.  a.),  the  olfactory  pit  (olf.), 
and  the  olfactory  nerve  (i).  The  nerve  itself  presents  the 
same  histological  characters  as  in  fig.  7,  t.  ^.[a  proximal  gan- 
glionic enlargement  at  its  root  of  origin,  a  trunk  consisting 
mainly  of  nerve  fibres,  but  with  a  few  ganglionic  cells  at  inter- 
vals along  its  whole  length,  and  a  distal  ganglionic  expansion 
at  its  point  effusion  with  the  olfactory  epithelium.  There  is, 
however,  one  important  difference  between  this  figure  and 
the  two  preceding  ones ;  opposite  the  point  of  origin  of  the 
olfactory  nerve  there  is  a  small  conical  depression  (oL  v.)  of  the 
inner  wall  of  the  cerebral  hemisphere.  From  a  comparison 
with  fig.  20  there  can  be  little  doubt  that  this  is  the  earliest 
appearance  of  an  olfactory  lobe.  As  in  the  dogfish,  this 
lobe  is  formed  at  first  entirely  at  the  expense  of  the  inner 
wall  of  the  hemisphere,  there  being  as  yet  no  perceptible 
projection  on  the  exterior  of  the  brain. 

The  olfactory  lobes,  after  their  first  appearance,  grow  ra- 
pidly. By  the  twelfth  day  they  form  a  pair  of  small  conical 
processes,  about  1  millimetre  in  length,  springing  from  the 
extreme  anterior  ends  of  the  cerebral  hemispheres :  the  two 
lobes  lie  side  by  side,  their  apposed  surfaces  being  slightly 
flattened.  Each  lobe  contains  a  prolongation  of  the  ventri- 
cular cavity  of  the  corresponding  hemisphere. 

Fig  36  represents  a  longitudinal  and  vertical  section 
through  the  olfactory  lobe  and  4he  anterior  part  of  the  cere- 
bral hemisphere  of  a  twelfth  day  chick  embryo :  it  shows 
how  the  ventricle  of  the  hemisphere  (ch.)  is  prolonged  to 
the  extremity  of  the  olfactory  lobe  {ol.v.) ;  and  also  the  mode 
in  which  the  olfactory  nerve  arises  from  the  end  of  the 
olfactory  lobe  as  a  series  of  bundles  of  nerve  fibres. 

Fig.  87  is  a  transverse  section  through  the  olfactory  nerve 
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of  a  chick  embryo  of  the  same  age  as  fig.  86 ;  it  shows  the 
bundles  of  nerve  fibres,  bound  together  by  connective  tissue, 
which  together  constitute  the  olfactory  nerve;  it  shows 
also  how  the  majority  of  these  bundles  are  arranged  in  a 
circle  round  the  margin  of  the  nerve,  while  a  few  smaller 
bundles  lie  in  the  centre. 

Figs.  88  and  89  represent  sections  taken  from  the  same 
embryo  as  the  preceding  figure.  Fig.  88  is  a  transverse 
section  through  the  olfactory  lobe,  and  shows  the  laterally 
compressed  ventricular  cavity.  Fig.  89  is  a  transverse  section 
through  the  anterior  part  of  the  hemisphere :  the  outer  wall  of 
the  hemisphere  is  seen  to  have  increased  greatly  in  thickness 
while  the  inner  wall  still  remains  thin ;  so  that  the  ventricle, 
which  is  greatly  compressed  laterally,  no  longer  occupies  the 
centre  of  the  hemisphere,  but  lies  close  to  its  iuner  side. 

In  the  adult  fowl  the  olfactory  lobe  has  much  the  same 
appearance  as  at  the  twelfth  day :  it  is  about  two  and  a  half 
millimetres  in  length,  and  still  contains  a  central  cavity, 
though  this  latter  is  relatively  smaller  than  at  the  earlier 
date ;  the  relations  of  the  olfactory  nerve  to  the  lobe  are  the 
same  as  at  the  twelfth  day. 

'  In  my  former  paper  I  stated  that  there  i$  no  trace  of  an 
olfactory  vesicle  at  any  period  in  the  life  of  a  chick}  This 
statement  my  later  work  now  shows  to  be  erroneous ;  the 
chick  has  an  olfactory  vesicle,  but,  as  in  the  dogfish,  this 
vesicle  does  not  appear  till  an  exceedingly  late  period  of 
development. 

The  principal  points  then,  in  the  development  of  the 
olfactory  nerves  in  the  chick  to  which  I  desire  to  direct 
attention  are  : 

1.  The  olfactory  nerves  arise  from  the  forebrain,  before 
the  cerebral  hemispheres  have  begun  to  be  developed. 

2.  They  are  at  first  connected  with  the  dorsal  surface  of 
the  forebrain,  but  on  the  appearance  of  the  hemispheres 
become  driven  down  to  the  ventral  surface  of  the  brain,  and 
acquire  a  secondary  connection  with  these  latter. 

8.  From  their  earliest  appearance  the  olfactory  nerves  are 
solid,  and  present  the  same  histological  characters  as  the 
other  cranial  nerves. 

4.  There  is  not  the  slightest  indication  of  an  olfactory 
lobe  till  the  latter  part  of  the  seventh  day  of  incubation. 

Though  these  conclusions  are  in  complete  accordance  with 

my  earlier   work,  they  are   directly   opposed  to   all   other 

accounts  with   which   I  am   acquainted,  with  one  solitary 

exception,  to  which  I  shall  refer  immediately.     As  the  date 

^  Loc.  cit.,  p.  20. 
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of  appearance  of  the  olfactory  lobe  is  the  point  in  which 
there  is  the  greatest  discrepancy  between  the  descriptions  of 
previous  writers  and  my  own,  I  have  made  sections  in  very 
various  planes  in  order  to  detect  any  appearance  that  could 
possibly  be  interpreted  as  an  olfactory  lobe  at  an  earlier  date 
than  the  seventh  day^  but  have  failed  completely  to  observe 
any  such. 

As  far  as  I  can  ascertain,  the  earliest  account  of  the  deve-. 
lopment  of  the  olfactory  nerve  is  that  given  by  Remak  ;  this 
description,  which  only  occupies  about  three  lines,  and  is  unsup- 
ported by  figures,  is  as  follows : — *'  An  ihrem  Boden  (Hemis- 
pharen)  zeigen  sich  gegen  das  Ende  des  drittenTages  jederseits 
kleine  birnformige  Blaschen  (Geruchsblaschen)  iiber  deren 
weiter  entwickelung  ich  keine  Beobachtungen  besitze."'  This 
observation  was  repeated  later  on  by  von  Baer,  who,  however, 
went  further  than  Bemak,  and  described  this  vesicle  as  the 
rudiment  of  the  olfactory  nerve ;  he  also  described  an  olfactory 
pit  distinct  from  this  vesicle.  Concerning  these  statements 
Kemak  speaks  thus : — **  Halte  ich  diese  Angaben  mit  meineu 
eigenen  Wahmehmungen  zusamroen,  so  wird  es  mir  sehr 
wahrscheinlich,  dass  Baer  am  vierten  Tage  die  Geruchs- 
blaschen und  die  Nasen^ruben  nicht  gleichzeitig  beobachtet, 
dass  er  vielmehr  dasselbe  Oebilde  bald  als  Anlage  des 
Riechnerven,  bald  als  Nasengrube  gedeutet  hat.  Ich  habe 
mich  iramlich  iiberzeugt,  dass  die  Geruchsblaschen,  die  zu 
Ende  desdritten  Tages  auftreten,  die  nasengruben  sind,  und 
dass  weder  alsdann,  noch  bis  zum  fiinften  Tagen  ein  entspre- 
chender  Auswuchs  des  vorderhirnes  wahrzunehmen  ist."* 
This  very  definite  statement  shows  with  perfect  clearness 
not  only  that  Remak  recognised  and  corrected  his  original 
mistake,  recognised,  i.  e.  that  what  he  had  originally  taken 
for  outgrowths  of  the  cerebral  hemispheres  were  really  the 
olfactory  pits,  a  mistake  doubtless  due  to  his  relying  on 
surface  view  of  whole  embryos ;  but  also  that  he  discovered 
and  recorded  the  fact  that  as  late  as  the  end  of  the  fifth 
day  there  is  no  trace  of  an  olfactory  lobe. 

Strange  as  it  may  seem,  this  exceedingly  definite  and 
accurate  statement  of  Remakes  has  been  completely  over- 
looked, while  his  earlier,  vague,  brief,  and  avowedly  imper- 
fect observation  actually  furnishes  the  basis  of  the  descrip- 
tions of  the  development  of  the  olfactory  nerve  given  in  our 
text-books  of  embryology  at  the  present  day. 

Thus,  Professor  KoUiker,  in  the  second  part  of  his  text- 

^  *  Untersuchangen  uber  die  Entwickelung  der  Wirbeltbiere.'    Berlin, 
1855,  p.  33. 
'  Loo.  oit.,  p.  74,  note  55. 
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book  of  embryology,  published  in  the  course  of  the  present 
year^  dismisses  my  previous  account  of  the  development  of 
the  olfactory  nerve  as  **  eine  Angabe,  die  mit  der  Darstellung 
von  Remak^  dfii  zufolge  die  Lobi  olfactorii  des  -Hiihnchens 
am  Ende  des  zz.  Tages  als  kleine  birnformige  Blaschen  am 
Boden  der  Hemispharenblasen  liegen^  nicht  zu  vereinen 
ist."^  Professor  KoUiker^s  words  show^  beyond  doubt^  that 
he  is  quoting  from  Remak's  earlier  statement ;  had  he  been 
acquainted  with  the  latter  part  of  Remak's  work  he  would 
have  known  that  my  observations  confirmed  instead  of  con- 
tradicting Remak. 

Again^  Foster  and  Balfour  describe  the  development  of 
the  olfactory  nerve  in  the  chick  thus: — ^'^At  the  under 
surface  of  each  of  the  vesicles  of  the  cerebral  hemispheres 
there  appears  towards  the  end  of  the  third  day  a  small^  some- 
what elongated  vesicle — the  clfactorif  vesicle — which  is  the 
rudiment  of  the  olfactory  nerve  or  bulbJ'*  The  authors 
make  this  statement  on  their  own  authority,  but  since  the  first 
part  of  their  description  is  an  almost  literal  translation  of 
Remak's  earlier  account,  it  is^  I  think,  a  fair  inference  that 
they  have  fallen  into  the  same  error  as  Professor  KoUiker. 
Remak,  however,  is  not  responsible  for  the  statement  that 
this  olfactory  vesicle  is  "  the  rudiment  of  the  olfactory  nerve 
or  bulb." 

Any  further  discussion  of  the  literature  of  this  subject 
would  be  unprofitable ;  it  is,  however,  only  fair  to  add  that 
at  the  time  of  writing  my  previous  paper  I  had  not  referred 
to  Remak's  work,  and  was  under  the  impression  that  my 
description  was  completely  at  variance  with  his  account; 
it  is^  therefore,  a  matter  of  great  satisfaction  to  myself  to  find 
my  statements  corroborated  by  such  high  authority. 

•  c.  In  the  salmon  and  trout. — ^Though  my  observations  on 
Teleostean  embryos  are  not  nearly  so  complete  as  those  I 
have  just  recorded  concerning  the  chick  and  dogfish^  yet, 
inasmuch  as  they  have  yielded  definite,  and  in  some  respects 
important  and  unexpected  results,  I  have  thought  it  well  to 
record  them  here. 

The  ova  were  obtained  in  the  early  part  of  last  year  from 
Mr.  Capel^  of  the  Foot's  Cray  Fishery  ;  for  the  opportunity 
of  hatching  them  I  am  indebted  to  Mr.  F.  Buckland,  to 
whom  my  best  thanks  are  due  for  the  liberal  and  courteous 
manner  in   which  he  met  my  requests.     I  am  also  much 

^  Kolliker,  '  Entwickelungsgeschichte  des  Mensohen  und  der  hoberen 
Tbiere ;'  Zweite  Auflage.    Zweite  Halfte,  1879,  p.  609. 
»  *  Elements  of  Embryology.*    Part  1, 1874,  p.  117. 
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indebted  to  Mr.  Edon,  of  the  South  Kensington  Museum  of 
Pisciculture,  to  whose  care  and  experience  I  owe  the  success- 
ful hatching  of  the  ova. 

The  early  stages  of  development  of  the  olfactory  nerve  are 
unfortunately  even  more  difficult  to  investigate  in  Teleosteans 
than  in  either  the  chick  or  dogfish ;  and  my  observations  on 
these  stages  are  exceedingly  imperfect.  The  earliest  stage  at 
which  I  can  speak  with  any  confidence  as  to  the  existence  of 
an  olfactory  nerve  is  shown  in  fig.  29,  which  represents  a 
transverse  section  through  the  anterior  part  of  the  head  of  a 
trout  embryo  on  the  twenty-seventh  day  after  the  fertiliza- 
tion of  the  ova.  The  section  passes  through  the  forebrain 
(/.  J.),  and  through  the  olfactory  pits  {olf.) ;  on  the  left  side 
of  the  section  a  small  mass  of  cells,  somewhat  more  com- 
pactly arranged  and  more  deeply  stained  than  the  mesoblast 
cells,  connects  the  upper  part  of  the  forebrain  with  the 
olfactory  pit.  This  mass  of  cells  (i)  I  believe  to  be  the 
olfactory  nerve,  mainly  from  its  relation  to  what  is  un- 
doubtedly the  olfactory  nerve  a  few  days  laten  I  do  not 
wish,  however,  to  speak  at  all  positively  on  this  point. 

Between  the  thirtieth  and  fortieth  days  the  olfactory 
nerves,  though  still  extremely  short,  can  be  easily  recognised. 
Though  my  observations  are  far  from  complete,  they  suffice  to 
establish  the  following  points  for  both  the  salmon  and 
trout : 

1.  The  olfactory  nerves  appear  before  the  cerebral  hemi- 
spheres, and  are  at  first  connected  with  the  dorsal  side  of 
the  forebrain. 

2.  The  nerves  are,  from  the  earliest  period  at  which  their 
existence  can  be  determined  with  anything  like  certainty, 
solid ;  i.e.  there  is  no  olfactory  lobe. 

8.  The  connection  between  the  olfactory  nerve  and  the 
epithelium  of  the  olfactory  pit  is  acquired  at  a  very  early  date. 

Plate  XIV^  fig.  33,  is  taken  from  a  transverse  section 
through  the  head  of  a  salmon  embryo  two  days  after 
hatching.  The  section,  which  is  a  little  oblique,  passes  on 
the  left  side  through  the  eye  {o.  c.)  with  the  superior  (r.  s.) 
and  inferior  (r. i.)  recti  muscles;  on  the  right  side  through 
the  olfactory  pit  {olf.)  The  forebrain  {f.b.),  which  lies  in 
the  centre  of  the  section,  is  seen  to  have  a  small  vesicular 
cavity  in  its  upper  part;  its  roof  is  thin,  its  floor  and  sides 
very  thick.  From  the  lower  part  of  its  sides  a  pair  of  nerves 
(i)  arises;  these  nerves  run  downwards  for  a  short  distance 
towards  the  ventral  surface,  then  turn  directly  outwards,  and 
the  nerve  on  the  right  side  is  seen  to  divide  into  two 
branches,   which  can  be  readily  traced  to   the   thickened 
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epithelium  lining  the  bottom  of  the  olfactory  pit  (olf.).  It 
will  be  noticed  that  there  is  no  trace  of  an  olfactory  lobe,  and 
that  the  olfactory  nerve  presents  no  ganglionic  enlargement 
at  any  part  of  its  course.  In  its  general  relations,  mode  of 
origin^  and  course,  the  nerve  agrees  remarkably  closely  with 
the  other  cranial  nerves,  while  in  histological  characters  it  is 
identical  with  them. 

In  fig.  34  the  olfactory  nerve  (i)  is  seen  in  longitudinal 
and  vertical  section  in  a  salmon  embryo  of  the  same  age  as 
that  just  described.  This  section  shows  well  the  relations  of 
the  olfactory  nerve  to  the  brain ;  it  also  shows  the  roots  of 
the  optic  nerves  (ii),  the  infundibulum  (inf.)j  and  the 
trabeculce  cranii  {tr,). 

It  would  seem,  therefore,  that  if  an  olfactory  lobe  is 
present  at  any  period  in  the  life  of  a  salmon  or  trout,  it  does 
not  make  its  appearance  till  very  late — so  late,  indeed,  that 
it  could  have  no  claim  to  be  considered  as  an  embryonic 
structure  at  all:  there  is  no  trace  of  it  at  the  time  of 
hatching,  or,  indeed  for  some  days  afterwards. 

d.  In  other  vertebrates. — In  the  AxolotP  the  olfactory 
nerve  is  at  first  connected  with  the  forebrain,  not  with  the 
hemispheres.  Throughout  the  whole  period  of  embryonic 
development  it  is  very  short,  and  in  the  early  stages  ex- 
ceedingly so :  it  is  solid,  and  agrees  completely  in  histological 
characters  with  the  other  cranial  nerves.  I  have  failed  to 
detect  an  olfactory  lobe  in  any  of  the  stages  I  have  examined; 
i.e.  up  to  the  time  of  hatching. 

I  have  also  made  some  observations  on  the  earlier  stages  of 
development  of  the  olfactory  nerves  in  the  frog,  which  show 
that  in  these  stages  the  nerves  are  extremely  short,  and  that 
there  is  no  trace  of  an  olfactory  lobe.  The  resemblance 
between  the  frog  and  axolotl  is,  as  might  be  expected, 
exceedingly  close. 

In  some  lizard  embryos,  for  which  I  am  indebted  to 
'  Mr.  Balfour,  I  have  noticed  the  existence  of  solid  olfactory 
nerves,  with  no  indication  of  olfactory  lobes,  at  stages 
apparently  corresponding  to  the  fourth  or  fifth  day  of 
incubation  of  the  chick ;  and  I  believe  I  have  succeeded  in 
establishing  the  existence  of  olfactory  nerves  at  still  earlier 
stages,  before  the  appearance  of  the  cerebral  hemispheres.  In 
the  later  stages  the  olfactory  lobes  are  more  prominent 
objects  than  in  the  chick. 

I  will,  in  conclusion,  quote  from  Professor  Parker  the  fol- 

*  For  the  opportunitv  of  investigatiDg  the  development  of  the  Axolotl,  I 
am  again  iudcbted  to  Mr.  Edon,  of  the  South  Kensington  Museum. 
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lowing  description  of  the  development  of  the  olfactory  nerve 
in  the  green  turtle : — "  In  embryos  of  the  green  turtle  of  the 
size  of  a  horse-bean  I  find  the  nerves  (olfactory)  solid. 
When  the  embryos  are  two  or  three  times  that  size,  these 
nerves  each  acquire  a  large  cavity  proximally,  from  the  fore 
wall  of  which  the  branches  seem  to  spring.  The  foremost  of 
these  branches  spring  from  the  top  of  the  vesicle ;  they  arose 
at  first  from  the  top  of  the  forebrain."^ 

e.  Oeneral  considerations, — Before  proceeding  to  the 
development  of  the  olfactory  organ,  I  propose  to  summarise 
the  results  to  which  we  have  already  been  led,  and  to 
consider  briefly  certain  questions  of  a  more  theoretical 
character. 

The  first  point  I  desire  to  call  attention  to  is  the  remark- 
ably close  agreement  in  the  mode  of  development  of  the 
olfactory  nerves  presented  by  the  several  types  examined, 
types  which,  it  will  be  noticed,  embrace  examples  from  each 
of  the  vertebrate  classes,  with  the  exception  of  Mammalia. 
In  all  these  types  alike — dogfish,  trout  and  salmon,  axolotl, 
frog,  lizard,  turtle  and  chick — the  mode  of  development  is 
fundamentally  the  same ;  while  the  resemblance  between  the 
dogfish  and  the  chick^  the  most  generalised  and  the  most 
specialised  of  these  types  is,  as  I  have  already  shown, 
complete.  I  would  direct  special  attention  to  this  agreement 
as  affording  very  strong  testimony  of  the  correctness  of  my 
observations. 

The  fundamental  points  common  to  all  the  above  types 
are  the  following : — 1,  the  olfactory  nerves  appear  very  early ; 
8,  they  are  at  first  connected  with  the  forebrain,  and  not 
with  th6  cerebral  hemispheres ;  S,  they  are  solid,  and  agree 
completely  in  histological  characters  with  the  other  cranial 
nerves;  4,  an  olfactory  lobe,  w^en  present  at  all,  does  not 
appear  till  an  exceedingly  late  period  of  development. 

Though  the  several  types  agree  so  closely  in  the  above 
fundamental  points,  they  present  well-marked  differences 
among  themselves.  The  dogfish  appear  to  form  a  central 
type  round  which  the  others  may  be  grouped^  and  from  which 
they  may  be  supposed  to  be  derived.  Curiously  enough, 
of  the  other  types  the  chick  appears  to  resemble  the  dogfish  . 
more  closely  than  any  of  the  others  do,  with  the  possible 
exception  of  the  lizard  and  turtle,  whose  earlier  stages  are  as 
yet  unknown.  The  Amphibia  ate  chiefly  characterised  by 
the  extreme  and  long  persisting  shortness  of  their  olfactory 

*  "On  the  Development  of  the  Skull  and  its  nerves  in  the  Green  Turtle 
i^Chelone  Midas):*    'Proc.  Royal  Society/  1879. 
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nerves,  and  are  in  no  way  intennediate  between  the  dogfish 
and  such  Sauropsida  as  I  have  examined.  Finally,  the 
Teleosteans,  if  the  salmon  and  trout  may  be  taken  as  typical 
of  that  group,  while  they  resemble  the  Amphibia  in  the 
extreme  shortness  of  their  olfactory  nerves  in  the  early  stages 
of  development,  seem  to  differ  somewhat  from  the  other 
types  in  the  exceedingly  late  appearance  of  the  olfactory 
lobes,  and  in  the  striking  resemblance  in  general  anatomicid 
behaviour  between  the  olfactory  and  the  other  cranial 
nerves. 

The  nomenclature  of  the  olfactory  nerve  is,  unfortunately, 
somewhat  overburdened  with  synonyms,  a  never-failing 
source  of  confusion  and  inaccuracy.  The  "  olfactory  nerve  " 
of  an  adult  vertebrate  is,  perhaps,  best  described  as  con- 
sisting of  three  parts ;  a  proximal  tractus  olfactorius  arising 
from  the  cerebral  hemisphere,  an  intermediate  ganglionic 
enlargement  or  bulbus  olfactoritts,  from  whose  distal  extremity 
the  third  part  or  nervus  olfactorius  arises.^  Of  these  parts 
the  two  former  are  commonly  and  correctly  described  as 
being  properly  parts  of  the  brain,  and  as  togetaer  con-* 
stituting  the  rhinencephalon.  By  some  authors,  however, 
the  term  rhinencephalon  appears  to  be  limited  to  the  bulbus 
olfactorius,  the  tractus  olfactorius  being  then  spoken  of  as 
the  rhinencephalic  erus.^  By  olfaciory  lobe  or  olfactory 
vesicle  is  usually  meant  the  hollow  diverticulum  of  the  fore- 
brain  or  cerebral  hemisphere  in  the  embryo,  from  which  both 
the  tractus  olfactorius  and  btdbus  olfactorius  of  the  adult  are 
developed,  and  which  has  hitherto  been  erroneously  sup- 
posed to  be  the  earliest  part  of  the  "  olfactory  nerve  "  to  be 
developed.  It  would,  perhaps,  be  well  to  limit  the  term 
olfactory  lobe  to  this  embryonic  structure ;  Owen  employs  it 
in  the  adult  as  synonymous  with  bulbus  olfactorius. 

From  the  descriptions  I  have  already  given  it  follows  that 
the  nervus  olfactorius  is  the  earliest  of  the  three  elements 
to  be  developed,  and  that  it  alone  is  the  direct  homologueof 
the  other  cranial  nerves.  The  term  olfactory  nerve  ought 
then  to  be  strictly  limited  to  the  nervus  olfactorius.  Since, 
however,  there  is  considerable  inconvenience  in  disturbing 
established  nomenclatures,  it  may  perhaps  be  well  to  con- 
tinue to  use  the  term  olfactory  nerve  in  the  ordinary  ana- 
tomical sense,  and  to  confine  oneself  to  the  term  nervus 

^  Vide  Max  Schultze.  *'XJntersuohan^en  uber  den  Bau  der  Nasensoh- 
jeimhaut  bei  dem  MenBchen  und  Wirbelthiere."  Halle,  1862,  pp.  18, 19 ; 
and  Stannius,  '  Handbuch  der  Anatomie  der  Wirbelthiere/  2  Auflage, 
1854,  p.  166,  8eq. 

'  Owen, '  Anatomy  of  Vertebrates,'  vol  i,  p.  283, 1866. 
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olfactoritis  when  wishing  to  speak  of  the  third  or  distal  ele- 
ment, the  olfactory  nerve  proper ;  in  this  case,  however,  it 
must  be  clearly  understood  that  olfactory  nerve  and  nervtis 
olfactorxuB  are  by  no  means  equivalent  or  mutually  con- 
vertible terms.^ 

Though  the  hulbus  olfactorius  and  tractus  olfactorius  are 
considered  as  together  equivalent  to  the  olfactory  lobe  of  the 
embryo,  it  must  be  noticed  that  the  proximal  ganglion  of  the 
nervus  olfactoritis  may  fuse  so  completely  with  the  bulbuSy 
that  it  is,  even  in  comparatively  early  stages,  "  rather  diffi- 
cult to  fix  on  the  exact  line  of  demarcation  between  the  bulb 
and  the  nerve/'* 

The  three  elements  of  the  olfactory  nerve,  but  especially 
the  first  and  third,  vary  much  in  the  relative  proportions 
they  attain  in  the  adult.  "  Thus,  in  the  dogfish  there  is  a 
large  bulbus  olfactorius,  connected  proximally  with  the 
hemispheres  by  a  short,  thick,  tractus  olfactorius,  and  giving 
origin  distally  to  the  numerous  filaments  of  the  nervus 
olfactorius.  In  the  skate,  while  the  bulbus  and  nervus 
retain  much  the  same  proportions  as  in  the  dogfish,  the  tractus 
olfactorius  is  of  very  great  length.  Among  osseous  fishes  the 
variations  are  still  greater;  in  the  pike,  salmon,  perch, 
gurnard,  &c.,  on  the  one  hand,  there  is  a  very  long  nervus 
olfactorius,  springing  from  a  bulbus  olfactorius  which  is  in 
close  contact  with  the  hemispheres ;  on  the  other  hand,  in 
the  cod,  carp,  &c.,  as  in  the  skate,  the  bulbus  olfactorius  is 
situated  near  the  olfactory  organ,  and  is  far  removed  from 
the  rest  of  the  brain,  with  which  it  is  connected  by  a  long 
tractus  olfactorius. 

A  question  of  far  more  morphological  interest  is  the  relation 
of  the  olfactory  nerve  to  the  other  cranial  nerves.  My  ob- 
servations, if  confirmed,  prove  that  in  the  chick  up  to  the 
end  of  the  sixth  day,  in  the  dogfish  up  to  stage  o,  and  in  the 
salmon  and  trout,  at  any  rate  up  to  the  time  of  hatching,  the 
olfactory  nerve  agrees  very  closely  in  histological  characters 
and  in  general  anatomical  relations  with  the  other  cranial 
nerves.  I  propose  now  to  consider  these  resemblances  more 
in  detail,  and  specially  in  reference  to  the  question  of  the 
segmental  value  of  the  olfactory  nerve. 

Certain  of  the  cranial  nerves — e.g,  the  facial  and  glosso- 
pharyngeal— have  long  been  acknowledged  to  possess  seg- 
mental value.  If  .we  consider  the  mode  of  development  of 
these  segmental  cranial  nerves,  we  find  that  they  agree 
among  themselves,  and    differ  sharply  from    other    nerves 

^  Fide  '  Quain's  Anatomy/  8th  edition,  vol.  i,  p.  526. 
«  Balfour,  op.  cit.,  p.  178. 
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or    branches    of  nerves    in    the    following    embryological 
characters : 

1.  They  appear  very  early* 

2.  They  arise^  at  least  in  the  chick^  from  the  neural  crest 
on  the  mid-dorsal  surface  of  the  brain. 

8.  Shortly  after  their  appearance  their  roots  undergo  a 
shifting  downward  of  their  points  of  attachment,  so  that 
they  no  longer  arise  from  the  dorsal  surface,  but  from  the 
sides  of  the  brain. 

4.  They  present,  at  least  in  their  early  stages,  ganglionic 
enlargements  on  or  close  to  their  roots  of  origin. 

5.  Their  course  is  at  right  angles  to  the  longitudinal  axis 
of  the  head. 

6.  Finally,  they  have  very  definite  relations  to  the  seg- 
ments of  the  head,  as  indicated  by  the  visceral  clefts,  each 
nerve  supplying  the  two  sides  of  a  cleft. 

The  true  cranial  segmental  nerves,  such  as  the  facial  and 
the  glosso-pharyngeal,  agree  in  presenting  all  these  charac- 
ters. On  the  other  hand,  the  non-segmental  nerves,  or 
branches  of  nerves,  though  they  may  possess  some  of  the  cha- 
racters above  enumerated,  yet  never  present  all,  and  rarely 
more  than  one  or  two.  This  test  suffices  to  dispose  of  the 
claims  to  segmental  rank  of  the  optic,  the  auditory,  the 
fourth,  and  sixth  nerves,  and  of  the  ophthalmic  branch  of 
the  trigeminal  nerve ;  while,  on  the  other  hand,  it  serves  to 
deriaonstrate  the  segmental  value  of  the  third  nerve. 

I  propose  now  to  apply  this  test  to  the  olfactory  nerve. 

1.  In  all  the  types  examined  the  olfactory  nerve  appears 
very  early.  Though  the  exact  date  of  its  first  appearance  has 
not  been  determined  with  certainty  in  any  case,  yet  there  is  no 
reason  for  thinking  that  it  arises  later  than  the  other  cranial 
nerves.  In  all  the  types  considered  it  appears  before  the 
cerebral  hemispheres.^  In  the  dogfish  it  makes  its  appear- 
ance earlier  than  stage  k,  and  in  the  chick  there  are  strong 
reasons  for  thinking  that  it  is  ''one  of  the  first  nerves  in  the 
body  to  appear."* 

2.  I  have  already  attempted  elsewhere  to  prove  that  in  the 
chick  the  olfactory  nerve  is  developed  from  the  neural  crest.* 

'  Though  I  have  but  little  doubt  on  the  matter  myself,  I  have  not  yet 
succeeded  in  determining  tbiv  point  with  absolute  certainty  in  the  case  of 
the  lizard. 

*  *  Quarterly  Journal  Microscopical  Science/  Jan.,  1878,  p.  23. 

•  Loo.  cit.,  pp.  17 — 19.  With  reference  to  the  extension  forward  of  the 
neural  crest  in  the  chick  to  the  forebrain,  Prof.  Kolliker  suggests  (op. 
cit.,  pp.  661 — 2),  that  I  have  been  misled  by  certain  folds  which  appear 
during  closure  of  the  medullary  canal,  and  to  which  His  has  already  directed 
attention.     With  aU  due  respect  for  Prof.  KoUiker's  authority,  1  cannot 
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I  have  nothing  to  add  to  the  arguments  alreadj  given, 
though  I  am  fully  aware  that  the  point  is  not  jet  prored. 
In  the  Elasmobranchs,  the  only  other  vertebrates  in  which 
the  presence  of  a  neural  crest  has  been  accurately  described,^ 
the  anterior  limits  of  this  crest  have  not  been  fixed  with 
certainty. 

8.  The  shifting  down  of  their  roots  of  origin,  one  of  the 
most  striking  features  of  the  segmental  nerves,  is  a  very 
constant  and  well-marked  point  in  the  development  of  the 
olfactory  nerves.  It  is  well  shown  for  birds  in  figs.  10  and 
11,  and  for  the  dogfish  in  figs.  19  and  20.  In  the  dogfish 
the  displacement  of  the  roots  is  less  extensive  than  in  the 
chick — a  point  obviously  correlated  with  the  greater  develop- 
ment of  the  cerebral  hemispheres  in  the  latter. 

4.  The  course  of  the  segmental  nerves  in  their  early  stages 
18,  speaking  within  certain  limits,  at  right  angles  to  the 
longitudinal  axis  of  the  bead  at  their  point  of  origin.  The 
facial  and  the  postauditory  nerves  arise  from  a  part  of  the 
head  in  which  this  axis  is  a  straight  line  ;  the  nerves  conse- 
quently run  parallel  to  one  another,  as  is  seen  in  figs.  4 
and  6.  In  front  of  the  origin  of  the  facial  nerve  the  a^is  of 
the  head  is,  owing  to  cranial  flexure,  no  longer  a  straight 
line,  but  a  curved  one.  The  trigeminal  nerve  is  disturbed 
only  to  a  very  slight  extent,  but  it  will  be  seen  in  fig.  4  that 
instead  of  running  parallel  to  the  facial,  the  two  nerves  con- 
verge slightly  towards  their  distal  ends.  In  the  region  of 
the  midbrain  the  efects  of  cranial  flexure  are  very  well 
marked  ;  but  fig.  6  shows  that  the  course  of  the  third  nerve, 
the  segmental  nerve  arising  from  the  midbrain,  is  still  at 
right  angles  to  the  longitudinal  axis  at  its  point  of  origin. 
Since  the  direction-  of  the  axis  at  this  point  is  almost  at 
right  angles  to  its  original  direction,  so  also  the  third  nerve 
is  seen  to  take  a  course  almost  at  right  angles  to  the  facial  or 
glosso-pharyngeal.  Similarly,  the  course  of  the  olfactory 
nerve  is  at  right  angles  to  the  longitudinal  axis  of  the  head 
at  its  point  of  origin;  and  its  direction  is  such  that  if 
cranial  flexure  were  corrected  and  the  head  straightened 
out  the  olfactory  nerve  would  run  parallel  to  the  third, trigemi- 

accept  this  explanation.  Mj  apecimena  leave  no  room  for  doubt  that 
whatever  may  be  its  morphological  importance,  the  neural  crest  is  a  per- 
fectly continuous  structure,  extending  in  the  chick  at  the  twenty-ninth 
hour  from  the  anterior  end  of  the  optic  vesicles  nearly  to  the  end  of  the 
hindbrain.  1  am  acquainted  with  folds  such  as  Prof.  Koiliker  describes, 
but  have  onljr  met  with  them  in  imperfectly-prepared  specimens,  and  espe- 
cially in  specimens  hardened  in  chromic  acid,  wnich,  in  my  hands,  «t  least, 
has  alwajs  proved  a  peculiarly  unreliable  hardening  agent. 
'  Ballour, '  £hismobrauch  Fishes/  pp.  191, 192. 
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nal,  facial,  and  other  segmental  nerves.  I  have  investigated 
very  carefully  this  point,  which  I  am  disposed  to  regard 
as  of  some  importance,  and  find  that  in  the  chick, 
at  a  time  when  cranial  flexure  has  attained  its  maximum  . 
development,  the  angle  formed  by  producing  the  direction 
of  the  olfactory  nerve  and  of  the  facial  or  glosso-pharyngeal 
nerves  until  they  meet,  is  itlmost  identical  with  that  which 
measures  the  amount  of  cranial  flexure;  the  angle  in 
either  case  being  about  180°.  The  course  of  the  olfactory 
nerve  in  dogfish  embryos  is  shown  in  figs.  17  and  18,  and 
in  the  salmon  in  figs.  88  and  84. 

5.  This  is  a  point  of  comparatively  little  ^importance, 
inasmuch  as  in  the  embryo  ganglia,  or  local  accumulations 
of  nerve-cells,  appear  to  be  developed  in  a  very  irregular 
manner,  and  at  very  various  points  in  the  course  of  the  nerves. 
Still  it  is  a  point  not  altogether  destitute  of  weight,  since 
those  cranial  nerves  which  appear  for  other  reason's  to  have 
no  claim  to  rank  as  segmental,  are  also  peculiar  in  not 
possessing  ganglionic  enlargements  at  or  near  their  roots 
of  origin  in  the  early  stages.  In  the  chick  these  ganglia 
are  shown  for  the  olfactory  nerves  in  figs.  7,  8,  and  9 ;  for 
the  third  nerve  in  fig.  6 ;  and  for  the  trigeminal  in  fig.  4.  In 
the  dogfish  the  ganglia  of  the  olfactory  nerves  are  shown  in 
figs.  20  and  SI. 

6.  The  discussion  of  the  question  whether  the  olfactory 
nerve  is  related  to  a  visceral  cleft  in  the  same  manner  as 
the  segmental  nerves  are  to  their  respective  clefts,  will 
find  a  more  suitable  place  after  the  development  of  the 
olfactory  organ  has  been  considered. 

The  distance  between  the  root  of  the  fifth  nerve  and  that 
of  the  third  is  somewhat  greater  than  that  between  the  fifth 
and  the  facial,  while  that  between  the  third  and  the 
olfactory  is  greater  still.  These  facts,  which  are  obviously 
correlated  with  the  great  hypertrophy  of  the  anterior  part 
of  the  brain,  from  which  the  nerves  in  question  spring,  can 
certainly  not  be  used  as  arguments  against  the  segmental 
nature  of  the  olfactory  nerve. 

Though  the  olfactory  nerve,  from  the  earliest  period  at 
which  it  is  recognisable  as  such,  is  thus  seen  to  agree  with 
the  segmental  nerves  in  all  essential  characters,  it  yet 
presents  one  or  two  minor  points  of  difference.  In  the  first 
place,  owing  to  the  close  proximity  of  the  forebrain  to  the 
nasal  pit,  the  olfactory  nerve  is  shorter  than  the  other  cranial 
nerves  at  the  same  age.  Secondly,  the  olfactory  ap{)ears 
to  lag  behind  the  others  in  development ;  thus,  at  a  time 
when  the  other  nerves  are  fibrillar  along  the  greater  part  of 
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their  lengthy  and  only  present  nerve  cells  in  any  considerable 
number  at  certain  points,  the  olfactory  nerve  still  presents 
nerve-cells  along  its  whole  length.  This  second  difference 
appears,  however,  to  depend  on  the  firsts  since  as  the  nerve 
elongates  with  age,  we  find  it  gradually  taking  on  the  histo- 
logical characters  of  the  other  nerves^  i.e.  the  greater  part  of 
its  length  becomes  fibrillar,  and  the  nerve-cells  confined  to 
the  two  extremities^  where  they  form  ganglionic  swellings. 
The  practical  importance  of  these  differences  is^  however, 
considerable,  since^  owing  to  the  olfactory  nerve  consisting 
for  some  time  after  its  first  appearance  almost  entirely  of 
rounded  cells,  it  is  very  difficult  to  distinguish  from  the 
surrounding  mesoblast,  and  may,  therefore^  very  readily  be 
overlooked. 

The  olfactory  nerves  are  by  most  authors  considered  as  of 
totally  different  morphological  value  to  the  other  cranial  nerves. 

According  to  Gegenbaur,  "the  cerebral  nerves 

are  seen  to  break  up  into  two  very  distinctly  marked 
divisions,  when  examined  after  the  comparative  method. 
One  division,  the  larger,  contains  nerves  which  more  or  less 
agree  with,  or  might  even  be  derived  from,  spinal  nerves, 
while  the  other  contains  those  which  have  not  the  faintest 
resemblance  to  spinal  nerves.  This  latter  divison  contains 
two  specific  sensory  nerves,  the  olfactory  and  the  optic."^ 

Again,  Prof.  Huxley  says,  ^^The  greatest  number  of  pairs 
of  nerves  ever  given  off  from  the  vertebrate  brain  is  twelve, 
including  the  so-called  olfactory  nerves  and  the  optic  nerves, 
which,  as  has  been  seen,  are  more  properly  diverticula  of  the 
brain  than  nerves  in  the  proper  sense  of  the  toord.  The 
olfactory  *  nerves  *  (olfactorii)  constitute  the  ^rst  pair  of 
cerebral  nerves.  They  always  retain  their  primary  connec- 
tiofi  with  the  cerebral  hemispheres,  and  frequently  contain, 
throughout  life,  a  cavity,  the  olfactory  ventricle ,  which  com- 
municates with  the  lateral  ventricle."^ 

Finally,  Balfour  considers  that  the  ^'  very  late  appearance 
and  peculiar  relations  *'  of  the  olfactory  nerve  ^'  are,  at  least 
for  the  present,  to  my  mind  sufficient  grounds  for  excluding 
it  from  the  category  of  segmental  cranial  nerves."^ 

I  have  already  attempted  to  show  that  the  existence  of 
an  olfactory  lobe  or  vesicle  can  in  no  way  be  said  to  mili- 
tate   against  the    establishment  of   a    complete  homology 

^  'ElemeDts  of  Comparative  Anatomy/  Esglisb  translation,  p.  515. 
The  italics  are  mine. 

^  'Anatomy  of  Yertebrated  Animals/  p.  71.  Tbe  italics  again  are 
mine. 

'  Op.cit.,  p.  215. 
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between  the  olfactory  and  the  other  cranial  nerves.  Astructure 
that  does  not  make  the  slightest  appearance  till  the  seventh 
day  in  the  chick  and  stage  o  in  the  dogfish  ;  a  structure 
that,  in  the  chick>  does  not  appear  till  long  after  the  nerves 
have  acquired  their  connection  with  the  cerebral  hemispheres, 
a  connection  which  I  must  repeat  is  a  purely  secondary 
one,  and  not,  as  Prof.  Huxley  would  have  it,  primary  ;  such 
a  structure  can  hardly  be  deemed  of  sufficient  morpho- 
logical importance  to  outweigh  the  very  obvious  and 
striking  resemblances  between  the  olfactory  and  the  other 
cranial  nerves  to  which  I  have  already  referred. 

Again,  if  my  observations  are  correct,  the  olfactory  nerves 
cannot  be  said  to  appear  "  very  late  ;**  while,  if  I  may 
assume  that  I  have  fairly  disposed  of  the  olfactory  vesicle 
difficulty,  I  fail  to  see  what  are  the  *^  peculiar  relations ''  of 
the  olfactory  nerve  that  would  justify  its  exclusion  "  from 
tbe  category  of  segmental  cranial  nerves." 

The  condition  of  the  central  nervous  system  appears  to  me 
to  afford  evidence  of  some  value  in  favour  of  the  segmental 
nature  of  the  olfactory  nerve.  There  is  certainly  no  obvious 
reason  why  the  anterior  cerebral  vesicle,  or  forebrain,  of  the 
embryo  should  be  considered  to  be  of  a  different  nature 
to  the  middle  cerebral  vesicle,  or  midbrain,  or  to  any  one 
of  the  vesicles  of  the  hindbrain.  The  early  embryonic 
stages  afford  no  evidence  whatever  of  a  break  of  any  kind 
between  the  fore  and  midbrains  ;  and,  if  the  nerves  arising 
from  the  mid  and  hindbrains  have  segmental  value,  there 
is  surely  a  presumption  in  favour  of  the  nerve  that  takes 
its  origin  in  the  forebrain  having  a  similar  and  equivalent 
value ;  a  presumption  greatly  increased  in  probability  by 
the  close  similarity  between  the  early  stages  of  development 
of  that  nerve  and  of  the  nerves  arising  further  back  in  the 
brain. 

It  still  remains  to  be  considered  what  is  the  morphological 
import  of  the  olfactory  lobe  or  vesicle ;  but  this  is  a  question 
to  which,  in  the  present  state  of  our  knowledge,  any  answer 
that  may  be  given  must  partake  very  largely  of  a  specu- 
lative nature.  The  principal  facts  we  have  to  guide  us 
appear  to  be : 

1.  The  very  late  appearance  of  the  olfactory  lobe. 

2.  The  fact  that  though  the  olfactory  lobe  is  obviously 
connected  with  the  root  of  origin  of  the  olfactory  nerve,  yet 
it  has  no  relation  to  the  original  position  of  the  root  of 
the  nerve,  and  does  not  appear  till  this  root  has  acquired 
a  new,  and  purely  secondary  position. 

3.  The  fact  that  the  olfactory  lobe  does  not    appear  at 
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equivalent  periods  in  the  development  of  different  verte- 
brates. In  the  dogfish  the  olfactory  lobe  appears  before  the 
division  of  the  fore  brain  into  cerebral  hemispheres  takes 
place ;  in  the  chick  not  till  long  after  the  appearance  of 
the  cerebral  hemispheres ;  and  in  the  salmon,  at  any  rate, 
not  till  after  the  time  of  hatching. 

These  facts  would  appear  to  indicate  that  the  olfactory 
lobe  is  to  be  viewed  rather  as  an  adult  or  adaptative  than  as 
an  embryonic  or  primitive  structure ;  a  view  that  is  materially 
strengthened  by  the  great  variations  in  relative  size  of  the 
three  elements  of  the  olfactory  nerve  in  various  adult  verte- 
brates, to  which  attention  has  already  been  directed. 

One  of  the  most  remarkable  features  of  the  early  stages  of 
development  of  all  vertebrates,  is  the  enormous  preponderance 
of  the  central  nervous  system  to  which  at  first  everything 
appears  to  be  subordinate,  and  which  exercises  a  most 
important  influence  on  the  shape  of  the  embryo.  The  rapid 
growth  of  the  neural  surface  causes  the  body  to  become 
curved  towards  the  ventral  surface ;  this  curvature  is  naturally 
most  marked  at  the  free  extremities  of  the  body,  and  at  the  head 
end  is  the  main,  if  not  the  sole,  cause  of  cranial  flexure. 
Owing  to  this  cranial  flexure  the  forebrain  gets  carried  in 
front  of  the  olfactory  sacs,  and,  consequently,  the  olfactory 
nerves,  which,  as  we  have  seen,  acquire  their  connection  with 
the  olfactory  sacs  at  a  very  early  age,  at  first  run  in  a  direc- 
tion downwards  and  backwards.  Vide  figs.  2,  15,  17, 
and  18. 

Having  attained  this  enormous  relative  development  the 
nervous  system  stops  for  a  while,  and  the  face  begins  to 
grow  more  rapidly,  causing  the  so-called  rectificatioii  of  the 
cranial  flexure;  the  olfactory  sacs  get  carried  further  and 
further  forwards,  so  that  the  olfactory  nerves,  instead  of 
running  downwards  and  backwards,  now  run  directly  down- 
wards, or  downwards  and  outwards  as  seen  in  fig.  33.  The 
face  still  continuing  to  grow  rapidly,  while  the  brain  under- 
goes little  or  no  increase  in  length,  the  olfactory  sacs  get 
carried  in  front  of  the  forebrain,  so  that  the  olfactory  nerves 
now  run  downwards  and  forwards.  A  continuation  of  this 
process  carries  the  olfactory  sacs  still  further  forwards,  to  an 
extent  varying  much  in  different  vertebrates,  so  that  the 
olfactory  nerves  ultimately  run  directly  forwards  as  in  most 
adult  vertebrates.     Vide  fig,  36. 

All  the  nerves  of  the  body  undergo  during  their  develop- 
ment a  considerable  lengthening,  owing  to  the  gradual 
separation  of  their  central  and  peripheral  ends ;  but  while 
in  the  case  of  all  the  other  nerves  this  is  a  gradual  and  con- 
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tinuous  process,  commencing  with  their  earliest  appearance, 
the  olfactory  nerves  are  somewhat  peculiarly  situated.  In 
their  early  stages,  owing  ta  the  close  proximity  of  the  olfac- 
tory sacs  to  the  brain,  the  olfactory  nerves  are  exceptionally 
short;  and,  owing  to  their  origins  being  at  first  further 
forward  than  their  insertions,  the  growth  forwards  of  the 
face,  carrying  the  olfactory  sacs  with  it,  does  not  at  first 
cause  any  lengthening  of  the  olfactory  nerves.  It  is  not 
till  the  sacs  get  in  front  of  the  forebrain  that  any  lengthening 
is  necessary,  but  no  sooner  does  this  occur  than  a  sudden 
call  is  made  on  the  olfactory  nerves,  which,  previously  quies- 
cent, now  have  to  commence  growing  rapidly  in  length  and 
to  continue  so  doing. 

I  would  therefore  suggest,  without  wishing  to  attach  too 
much  weight  to  the  suggestion,  that  this  elongation  of  the 
olfactory  nerve,  occurring  under  these  exceptional  conditions, 
may  take  place  partly  at  the  expense  of  the  nerve  itself,  and 
partly  at  the  expense  of  the  brain ;  and  that  it  is  in  this  way 
that  the  olfactory  lobe  is  produced.  It  is  certainly  worthy 
of  notice  that  in  the  two  types — chick  and  dogfish— in  which 
I  have  ascertained  with  precision  the  date  of  its  first  appear- 
ance, the  olfactory  vesicle  comes  into  existence  just  about 
the  time  that  the  most  rapid  growth  of  the  nose  and  snout 
occurs,  and  consequently  just  about  the  time  when  a  sudden 
.  and  rapid  lengthening  of  the  olfactory  nerve  becomes  neces- 
sary. It  is  also  a  significant  fact  that  the  olfactory  lobe 
grows  very  rapidly  at  first,  the  nerve  itself  remaining  nearly 
stationary.' 

The  above  suggestion  renders  it  easily  intelligible  that 
much  variety  should  exist  as  to  the  relative  lengths  of  the 
nervus  and  tractus  olfactoriusy  even  in  nearly  allied  verte- 
brates ;  while  it  is  quite  possible  that,  at  any  rate  in  some 
forms,  the  skeletal  elements  may  have  an  important  share 
in  determining  the  relative  growth  of  nerve  and  brain. 

II.  The  Olfactory  Organ* 

a.  DevelopmefU  of  the  olfactory  organ. — The  consideration 
of  the  olfactory  nerve  having  taken  up  far  more  space  than  I 
had  originally  anticipated,  I  shall  be  compelled  to  deal  with 
the  olfactory  organ  in  a  somewhat  more  summary  fashion. 
The. points  to  which  I  wish  here  to  call  attention  are  the 
remarkable  resemblances  that  exist  between  the  olfactory 
pits  and  the  visceral  clefts.  As  in  the  first  part  of  the 
paper  I  shall  deal  first  with  matters  of  direct  observation, 
and  afterwards  consider  the  theoretical  side  of  the  subject. 
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The  vertebrate  olfactory  organs  make  their  first  appear- 
ance as  "  a  pair  of  slight  thickenings  of  the  external  epiblast 
on  the  under  surface  of  the  forebrain,  immediately  in  front 
of  the  mouth.  .  .  .  Each  thickened  patch  of  skin  soon 
becomes  involuted  as  a  shallow  pit."^ 

In  the  dogfish  these  thickenings  appear  "  during  a  stage 
intermediate  between  l  and  k"  (Balfour).  Their  condition 
during  stage  k  is  well  shown  in  figs.  13  and  14  {olf.) ;  the 
former  figure  being  a  longitudinal  and  horizontal  section, 
the  latter  a  vertical  and  transverse  one.  The  exceedingly 
close  proximity  of  the  bottom  of  the  olfactory  pit  to  the 
brain  is  well  shown  by  both  figures.  Fig.  13  shows  also 
that  at  a  time  when  the  nose  is  in  a  very  rudimentary  con- 
dition, the  eye  (o.  c.)  has  already  made  considerable  progress 
in  development,  a  point  to  which  Balfour  has  already  directed 
attention. 

The  communication  between  the  visceral  clefts  and  the 
exterior  is  established  almost  simultaneously  with  the  first 
appearance  of  the  olfactory  pits.  At  stage  l  there  are 
"  three  visceral  clefts,  none  of  which  are  as  yet  open  to  the 
exterior.*'*  At  stage  k,  according  to  Balfour,  "  four  visceral 
clefts  are  now  visible,  all  of  which  are  open  to  the  exterior, 
but  in  a  transparent  embryo  one  more,  not  open  to  the 
exterior,  would  have  been  visible  behind  the  last  of  these."* 
The  visceral  clefts,  then,  first  become  open  to  the  exterior 
between  stages  l  and  k,  and  we  have  already  seen  that  it 
is  between  these  same  two  stages  that  the  thickenings  of  the 
epiblast  appear  which  form  the  earliest  rudiments  of  the 
olfactory  pits. 

In  the  chick  the  early  stages  of  development  of  the  olfac- 
tory pits  closely  resemble  those  just  described  in  the  dogfish. 
Fig.  1  represents  a  longitudinal  and  horizontal  section 
through  the  head  of  a  fifty-four  hours'  chick  embryo ;  the 
section,  which  may  with  advantage  be  compared  with  fig.  13, 
shows  on  the  right  side  the  olfactory  pit  (o/f.),  formed  by  the 
thickened  and  involuted  epiblast,  and  in  close  proximity 
to  the  forebrain  (/.  J.) ;  on  the  left  side  the  section,  which 
is  a  little  oblique,  passes  through  the  thickened  epiblast 
forming  the  margin  of  the  olfactory  pit,  and  through  the  eye 
(o.  (?.).  Two  visceral  clefts  (t?.  c.)  are  shown,  both  open  to  the 
exterior. 

The  earliest  period  in  the  c^ick  at  which  I  have  noticed 
the   thickening  *  of  the   olfactory  epithelium   is  about   the 

>  Balfour,  op.  cit.,  p.  184. 
*  Balfour,  op.  cit.,  p.  77. 
.       »  Op.  cit.,  p.  78. 
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forty-eighth  hour ;  a  period  almost  identical,  as  in  the  dog- 
fish, with  the  opening  of  the  visceral  clefts  to  the  exterior. 

In  the  trout  the  mode  of  development  of  the  olfactory  pits 
corresponds  very  closely  with  that  occurring  in  the  chick  and 
dogfish  ;  and,  as  in  these  two  types,  their  first  appearance 
coincides  almost  exactly  with  the  opening  of  the  visceral 
clefts  to  the  exterior. 

The  connection  between  the  olfactory  nerve  and  the  bot- 
tom of  the  olfactory  pit  is,  as  already  noticed,  acquired  ex- 
ceedingly early,  very  shortly  indeed  after  the  appearance,  of 
the  latter.  The  condition  of  the  olfactory  organ  in  the  dog-- 
fish is  shown  at  stage  m  in  figs.  15,  16,  and  19;  and  at 
stage  o  in  figs.  17,  18,  and  80.  In  the  chick  the  olfactory 
organ  is  shown  at  the  sixty-fourth  hour  in  fig.  S,  at  the 
sixty-seventh  in  fig.  3,  and  at  the  ninety-sixth  hour  in  figs. 
5  and  6. 

Throughout  their  early  stages  of  development  the  olfactory 
organs  present  a  striking  resemblance  to  the  visceral  clefts, 
both  in  form,  position,  and  general  relations — a  resemblance 
which  it  will  be  necessary  to  consider  in  some  detail,  inas- 
much as  it  has  been  very  generally  overlooked  hitherto. 

Fig.  3  represents  a  longitudinal  and  vertical  section  through 
the  head  of  a  chick  embryo  at  the  sixty-seventh  hour.  The 
section,  which  is  taken  in  a  plane  not  far  from  the  surface, 
passes  through  the  hind,  mid,  and  forebrains,  through  the 
auditory  vesicle  (aud,),  the  eye  (o.c),  the  trigeminal  (v),  and 
auditory  (viii)  nerves,  through  the  anterior  visceral  clefts  and 
arches,  and  through  the  olfactory  pit  (plf.).  The  olfactory  pit 
is  seen  to  bear  a  marked  resemblance  to  the  visceral  clefts : 
like  them  it  is  situated  on  the  ventral  surface  of  the  head ; 
it  is  open  below ;  its  axis  is  at  right  angles  to  the  longitu- 
dinal axis  of  the  head,  so  that  were  the  head  straightened 
out  it  would  be  parallel  to  the  clefts ;  and  its  general  ap- 
pearance and  relations  are  such  as  to  strongly  suggest  the 
view  that  it  is  one  of  the  same  series  of  structures  as  the 
visceral  clefts.  It  is  indeed  separated  from  the  next  cleft, 
that  in  front  of  the  maxillary  arch  (Mx.),  by  an  interval 
somewhat  greater  than  that  separating  the  hinder  arches 
from  one  another;  but  when  we  consider  the  enormous 
hypertrophy  which  the  part  of  the  brain  with  which  it  is 
connected  has  undergone,  this  becomes  rather  an  argument 
in  favour  of  than  against  the  comparison. 

Figs.  4,  5,  and  6  are  three  sections  taken  from  the  same 
embryo,  a  ninety-six  hours'  chick.  Of  these  sections,  which 
are  taken  in  a  longitudinal  vertical  plane,  that  given  in  fig. 
4  is  the  most  superficial,  that  in  fig.  6  the  deepest  of  the 
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three.  Figs.  5  and  6  are  drawn  from  consecutire  sections^ 
but  between  figs.  4  and  6  two  sections  intervened.  These 
figures  illustrate  well  the  points  to  which  I  have  just  called 
attention ;  they  show  that  the  visceral  clefts  form  a  conti- 
nuous series  of  structures^  of  which  the  most  anterior  is,  not 
the  mouth  cleft  (between  Mn.  and  Mx,),  but  the  cleft  in 
front  of  the  maxillary  arch ;  a  cleft  that^  following  Prof. 
Parker,  I  propose  to  speak  of  as  the  lachrymal  cleft :  they 
show  further  that  just  in  front  of  the  lachrymal  cleft  is  the 
olfactory  pit  (plf.)^  and  that  the  relations  of  the  pit  are  such 
as  to  inevitably  suggest  that  the  olfactory  organ  is  one  of 
the  sam^  series  of  structures  as  the  visceral  clefts.  Correct 
the  cranial  flexure,  and  straighten  out  the  head,  and  the 
resemblance  would  amount  almost  to  identity.  I  have  only 
to  add  that^  though  these  figures  are  semi-diagrammatical, 
yet  as.  far  as  the  outlines  go,  which  alone  concern  us  at 
present,  they  are  as  absolutely  accurate  as  I  have  been  able 
to  make  them. 

The  resemblance  between  the  olfactory  organ  and  the 
visceral  clefts  is  quite  as  marked  in  the  early  stages  of  the 
dogfish  as  in  the  chick;  but  to  convey  anything  like  an 
adequate  idea  of  it  would  require  a  much  more  extensive 
series  of  figures  than  I  am  able  to  give  here. 

Fig.  16  is  taken  from  a  longitudinal  and  vertical  section 
through  the  head  of  a  dogfish  embryo  at  stage  m.  The 
section  which  is  taken  very  near  to  the  surface  passes  through 
the  auditory  vesicle  {and,),  parts  of  the  trigeminal,  facial, 
auditory,  glosso-pharyngeal  and  vagus  nerves,  the  second 
head  cavity  {k.  2),  the  eye  (o.c),  the  mandibular,  hyoid,  and 
first  four  branchial  arches,  as  well  as  through  the  olfactory 
pit  {olf.).  The  section  is  a  little  deceptive,  inasmuch  as,  owing 
to  the  head  being  somewhat  constricted  just  behind  the  eyes, 
the  buccal  and  lachrymal  clefts  do  not  appear  at  all,  while 
the  constriction  just  referred  to  presents  somewhat  the  ap- 
pearance of  a  visceral  cleft  between  the  olfactory  organ  and 
the  mandibular  arch,  and  might  possibly  be  mistaken  for 
one  on  a  superficial  examination.  The  figure  illustrates 
well  the  resemblance  between  the  olfactory  organ,  which  is 
larger  than  at  a  corresponding  stage  in  the  chick,  and  the 
visceral  clefts.  * 

Fig.  18  shows  the  same  parts  in  a  dogfish  embryo  of  stage 
o;  as  in  the  preceding  figure,  and  for  the  same  cause,  the 
buccal  and  lachrymal  clefts  do  not  appear  in  the  section,  but 
the  figure  shows  the  general  resemblance  in  position  and 
relations  that  exists  between  the  olfactory  organ  and  even  the 
hinder  visceral,  or  branchial,  clefts. 
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In  connection  with  this  point,  the  studj  of  whole  embryos 
affords  evidence  fully  as  striking  as  that  yielded  by  sections. 
I  would  here  refer  especially  to  certain  of  the  figures  given  by 
Professor  Parker  in  his  nM)nograph  on  the  "  Structure  and 
Development  of  the  Skull  in  Sharks  and  Skates/'  published 
in  the  *  Transactions  of  the  Zoological  Society  '  for  1879 : 
on  Plate  XXXIX  side  views  of  the  heads  of  embryos  of 
Maia  maculata  are  given  (figs.  1  and  3)^  in  which  the  re- 
semblance between  the  slit-like  aperture  of  the  olfactory 
organ  and  the  gill  slits  is  shown  with  remarkable  distinct- 
ness. The  direction  of  the  slit  forms  an  angle  of  about 
120°  with  the  hyomandibular  or  spiracular  cleft,  which 
angle  is  almost  exactly  that  made  by  the  longitudinal  axis 
of  the  forebrain  with  that  of  the  hindbrain,  i.e.  is  the 
amount  of  cranial  flexure ;  hence,  but  for  cranial  flexure, 
the  external  slit-like  aperture  of  the  olfactory  organ  would 
be  parallel  to  the  perfectly  similar  gill  slits. 

The  figures  of  dogfish  embryos  of  stages  k  and  l,  given 
by  Mr.  Balfour  on  Plate  YII  of  his  monograph  on  Elasmo- 
branch  Fishes,  illustrate  the  same  points.  The  reference  to 
these  two  works  acquires  additional  weight  from  the  con- 
sideration that  the  figures  which  I  have  named  were  drawn, 
I  have  reason  to  believe,  without  the  slightest  intention  on 
the  part  of  the  authors  to  direct  attention  to  the  resem- 
blance. Even  in  an  adult  skate  the  similarity  between  the 
olfactory  organ  and  the  gill  slits  is  sufficiently  striking. 

The  same  points  appear,  if  possible,  still  more  clearly  in 
axolotl  and  salmon  embryos,  especially  in  the  former.  I 
have  found,  however,  that  to  give  any  adequate  representa- 
tion of  these  would  require  a  large  number  of  figures, 
which  figures  would  also  serve  to  illustrate  other  points 
in  the  development  of  the  axolotl,  which  I  hope  to  deal 
with  on  some  subsequent  occasion. 

Fig.  30  represents  a  longitudinal  and  vertical  section 
through  the  head  of  a  trout  embryo  on  the  thirtieth  day 
after  fertilisation  of  the  ova.  The  section  passes  through  the 
hind  and  midbrains  and  the  eye  (o.  c).  The  ventral  sur- 
face of  the  section  presents  a  series  of  undulatory  folds, 
corresponding  to  the  bases  of  the  visceral  arches,  with  their 
intervening  clefts.  The  olfactory  pit  {olf,)  is  seen  to  form 
the  most  anterior  of  these  depressions,  and  to  differ  from  the 
hinder  clefts  in  little  but  the  greater  thickness  of  its 
epithelium,  and  the  somewhat  greater  interval  between  it 
and  the  next  cleft.  The  cleft  next  but  one  to  the  olfactory 
pit  is  that  over  which  the  trigeminal  nerve  forks — t.  e,  the 
buccal  or  mouth  cleft ;  it  is  situated  between  the  maxillary 
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(Mx.)  and  mandibular  (Mn,)  arches.  Behind  the  mandibular 
arch,  between  it  and  the  hyoidean  arch,  is  the  cleft,  the  two 
sides  of  which  are  supplied  by  the  facial  nerve.  Between 
the  buccal  cleft  and  the  olfactory  pit  a  cleft  intervenes — the 
lachrymal  cleft;  so  that  the  number  of  clefts  in  the  trout 
agrees  completely  with  that  we  have  already  found  in  the 
chick. 

The  resemblances  between  the  olfactory  pit  and  the 
visceral  clefts  are,  however,  not  simply  those  of  general 
appearance  and  relations ;  they  are  of  a  far  more  intimate 
nature,  and  extend  even  into  the  details  of  histological 
structure.  For  studying  these  more  intricate  relationships 
the  dogfish  has  proved  the  most  suitable. 

The  olfactory  organ  of  a  dogfish  does  not  long  remain 
a  simple  pit;  very  soon  after  its  first  appearance  its  walls 
become  thrown  into  a  series  of  folds — the  rudiments  of  the 
Schneiderian  folds  of  the  adult.  I  wish  here  to  call  atten- 
tion to  the  resemblances  between  these  folds  and  the  series 
of  folds  which,  arising  from  the  sides  of  the  visceral  clefts, 
form  the  rudiments  of  the  gills. 

I  have  not  myself  observed  the  presence  of  the  rudimentary 
Schneiderian  folds  in  embryos  younger  than  stage  m,  but 
Balfour  has  shown  that  they  not  only  exist,  but  have  acquired 
the  characteristic  adult  arrangement  in  embryos  *^a  little 
older  than  k."i  With  regard  to  the  gills,  Balfour's  descrip- 
tion is  as  follows : — '^  Towards  the  close  of  stage  k  there 
arise,  from  the  walls  of  the  second,  third,  and  fourth  clefts, 
very  small  knob-like  processes,  the  rudiments  of  the  external 
gills.  These  outgrowths  are  formed  both  by  the  lining  of 
the  gill  cleft  and  by  the  adjoining  mesoblast.'^'  If,  indeed, 
the  times  of  appearance  be  not  absolutely  identical  in  the 
two  cases,  the  correspondence  is,  at  any  rate,  sufficiently 
striking. 

Fig.  S3  is  a  horizontal  and  longitudinal  section  through 
the  head  of  a  dogfish  embryo  at  stage  n,  magnified  twenty 
diameters ;  it  passes  through  the  fore  and  hind  brains,  the 
notochord  (n),  the  eyes  (o.  c),  the  oculo  motor  (iii)  and  tri- 
geminal (v)  nerves,  and  through  the  olfactory  pits  (olf.). 
The  bottoms  of  these  pits  are  seen  to  be  thrown  into  a  series 
of  small  equidistant  folds — the  Schneiderian  folds. 

Fig.  M  is  a  transverse  section  through  the  body  of  the 
same  embryo,  taken  a  short  way  behind  the  head,  and  pass- 
ing through  one  of  the  branchial  arches  on  either  side.  The 
section  which,  like  the  preceding  one,  is  magnified  twenty 

»  Op.  cit.,  p.  184,  and  Plate  XIV,  ^g.  14. 
2  Op.  cit.,  p.  211. 
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diameters,  shows  also  the  spinal  cord^  with  the  anterior  and 
posterior  roots  of  a  spinal  nerve,  the  notochord  (n.),  muscle 
plates  (tn.p.),  pharynx  (al.),  parts  of  the  vagus  nervei  the 
cardiac  and.dorsal  aortse,  and  on  either  side  the  branchial 
arteries  (b,  a,)  The  free  surface  of  each  branchial  arch 
presents  a  series  of  small  equidistant  folds,  the  rudiments  of 
the  gills  {ff.),  which,  even  under  this  low  magnifying  power, 
have  a  close  resemblance  to  the  Schneiderian  folds. 

In  otder  to  show  this  resemblance  more  satisfactorily  I 
have  given  figures  of  the  parts  in  question  on  a  larger  scale. 
Fig.  25  represents  the  right  olfactory  pit  of  fig.  23,  and 
fig.  26  the  left  gill  of  fig.  24 ;  both  figures  are  thus  taken 
from  the  same  embryo,  and  the  magnifying  power  employed 
— ninety  diameters — is  the  same  in  the  two  cases. 

These  figures  show  that  the  correspondence  between  the 
two  structures  is  by  no  means  confined  to  their  coarser 
anatomy^  but  extends  even  to  histological  details.  The  folds 
are  seen  to  be  in  the  two  cases — gills  and  Schneiderian  folds 
— of  the  same  width,  and  the  same  distance  apart ;  in  both 
cases,  though  consisting  mainly  of  epithelium,  they  yet 
involve  the  underlying  mesoblast  to  a  certain,  though  slight, 
extent,^  but  as  nearly  as  possible  to  the  same  extent  in  the 
two  cases.  The  epithelium  that  forms  the  greater  part  of 
the  folds  is  of  the  same  thickness  in  the  two  cases,  and  of 
the  same  histological  character,  consisting  mainly  of  columnar 
cells  in  close  contact  with  one  another,  and  arranged,  as  a 
rule,  in  two  rows. 

The  same  folds  are  shown,  at  a  somewhat  later  period,  in 
figs.  27  and  28,  the  former  representing  the  Schneiderian 
folds,  the  latter  the  gills  of  the  same  embryo.  Though  the 
resemblances  are  still  strong,  there  are  now  well-marked 
differences  between  the  two  structures ;  thus,  in  fig.  27  the 
epithelium  is  somewhat  thicker  than  in  the  gills,  while  the 
mesoblast  enters  more  largely  into  the  gills  than  the  Schnei- 
derian folds.  Most  of  the  gill  folds  already  present  a  central 
blood-vessel ;  it  is  very  difficult*  to  satisfy  oneself  of  the  ex- 
istence of  distinct  walls  to  these  blood-vessels,  which  appear 
in  many  cases  to  be  simply  channels  in  the  mesoblast  form- 
ing the  axis  or  core  of  each  gill  fold.  Similar  blood-vessels 
exist,  especially  at  a  rather  later  stage,  in  the  Schneiderian 
folds,  and  their  relations  are  similar  to  those  in  the  gills. 

Even  in  adult  Elasmobranchs  the  Schneiderian  folds  re- 
semble the  gills  closely  in  their  great  vascular  supply,  in 

^  Balfour  notes  this  in  the  case  of  the  gills,  but  describes  the  Schnei- 
derian folds  as  folds  of  epithelium.    Op.  cit.,  p.  184. 
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the  arrangement  and  distribution  of  the  blood-vessels,  and 
in  the  characters  of  their  surface  epithelium. 

b.  General  consider atton8,^^H\iher to  we  have  been  con- 
cerned simply  with  matters  of  observation  ;  though ,  indeed, 
I  have  not  attempted  to  give  a  complete  account  of  the 
development  of  the  olfactory  organ,  but  have  limited  my 
description  to  certain  developmental  features,  in  which  it 
stron^y  resembles  the  visceral  clefts;  still  I  have  dealt 
simp^  with  facts,  or  what  I  believe  to  be  facts.  I  propose 
now  to  consider  the  subject  from  a  more  theoretical  point  of 
view. 

In  the  first  place  I  would  submit  that  the  very  close 
resemblance  as  to  form,  structure,  general  relations,  time  of 
appearance,  &c.,  existing  between  the  olfactory  organ  and 
the  gill  clefts,  whether  these  be  considered  as  wholes  or  in 
their  separate  parts,  is  sufficient  to  raise  a  strong  probability 
that  they  are  homologous  structures. 

This  probability  is  strengthened  by  the  complete  absence 
of  similar  structures  in  any  other  part  of  the  body  at  any 
period  of  developnxent.  Not  only  do  the  Schneiderian  folds 
and  the  gills  appear  at  the  same  time  and  agree  completely 
in  structure,  but  in  no  other  part  of  the  body  do  similar 
structures  occur,  either  at  this  or  any  other  period. 

Again,  this  probability  gains  very  material  support  from 
the  conclusion  arrived  at  in  the  first  part  of  this  paper,  viz, 
that  the  olfactory  nerve  is  a  segmental  nerve ;  for  we  have 
seen  that  one  of  the  most  important  diagnostic  characters  of 
a  segmental  nerve  is  its  distribution  to  the  two  sides  of  a  vis- 
ceral cleft,  and,  since  the  olfactory  nerve  is  distributed  to  the 
olfactory  organ,  and  to  that  alone,  if  there  be  a  visceral  cleft 
with  which  it  is  in  relation,  the  olfactory  organ  must  be 
that  cleft. 

The  conclusions,  then,  to  which  I  have  been  led  concerning 
the  morphology  of  the  vertebrate  olfactory  organ  are — that 
the  olfactory  organ  h  the  most  anterior  visceral  cleft ;  that 
the  olfactory  nerve  is  the  segmental  nerve  supplying  the  two 
sides  of  that  cleft  in  a  manner  precisely  similar  to  that  in 
which  the  hinder  clefts  are  supplied  by  their  respective  nerves  ; 
and  that  the  Schneiderian  folds  are  homologues  of  giUs. 

The  suggestion  that  the  nasal  organs  are  gill  clefts  was 
originally  made  by  Dr.  Dohrn,  in  his  essay  on  the  origin  of 
vertebrates.  In  discussing  the  question  whether  the  pair  of 
gill  clefts,  which  by  their  median  fusion  formed  the  verte- 
brate  mouth,  was  the  most  anterior  pair,  Ur.  Dohrn  says : 
'^  Aber  auch  betreffs  der  vordereu  Kiemenspalten  ist  noch 
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« 

die  Vermuthung  zu  aussern,  ob  nieht  vielleicfat  in  den  Nasen- 
gruben  ein  Paar  solchen  Spalten^  freilich  in  weseutlich 
veranderter  Function  uud  darum  auch  Structur,  zu  erkennen 
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Dr.  Dohrn  does  not  enter  into  any  details  concerning  the 
suggestion  thus  made^  and  does  not  discuss  the  question  of 
the  olfactory  nerve.  I  am  not  aware  that  he  haa  since  pub- 
lished any  further  observations  on  this  point.  The  sug- 
gestion appeared  to  me,  if  not  untenable,  at  any  rate 
unprovable,  so  long  as  the  ordinary  account  of  the  develop- 
ment of  the  olfactory  nerve  continued  to  find  acceptance. 

In  addition  to  what  has  been  already  said  there  are,  I 
think,  many  arguments  in  favour  of  this  view.  Even  if  we 
leave  out  of  consideration  the  buccal  and  lachrymal  clefts, 
it  is  well  known  that  in  all  vertebrates  above  Amphioxus 
more  or  fewer  of  the  visceral  clefts  undergo  modification 
to  a  greater  or  less  extent,  and  that  this  modification  is 
first  felt  by  the  clefts  at  the  two  extremities  of  the  series, 
especially  by  the  anterior  ones ;  and  it  is  a  point  worthy 
of  notice  that,  while  the  posterior  clefts  tend  simply  to 
disappear,  the  anterior  clefts  with  their  gills  are  peculiarly 
prone  to  persist  in  a  modified  form.  Thus,  the  first  post- 
oral  or  hyomandibular  cleft  is  the  only  one  which  remains 
in  Sauropsida  and  Mammalia.  Among  Ichthyopsida  this 
cleft  is  apt  to  assume  the  modified  form  of  a  spiracle,  while 
its  gill  loses  its  respiratory  function,  and  persists  as  a 
pseudobranchia.  Similarly,  the  carotid  gland  of  the  frog 
and  the  choroid  gland  of  Teleosteans  are  probably  other 
instances  of  the  persistence,  in  an  altered  condition,  of 
anterior  gills.  On  the  other  hand,  when  reduction  is  effected 
in  the  number  of  the  gills  from  the  posterior  end  of  the 
series,  as  in  nearly  all  fishes,  the  gills  and  their  clefts  usually 
disappear  absolutely  and  completely. 

Again,  if  the  olfactory  organ  is  a  gill,  we  should  expect 
to  find  the  resemblance  between  the  two  structures  strongest 
in  the  most  primitive  vertebrates.  From  what  has  been 
said  already  this  obviously  is  the  case.  Of  the  various  types 
of  vertebrates  examined  it  is  in  the  dogfish  alone  that  we 
find  the  intimate  relation  between  the  development  of  the 
gills  and  that  of  the  Schneiderian  folds. 

Whatever  view  we  may  hold  as  to  the  ancestry  of  verte- 
brates, there  can  be  little  doubt  that  they  have  not  inherited 
their  olfactory  organ  as  such.  At  any  rate,  we  koow  as  y^t 
of  no  invertebrates  that  possess  olfactory  organs  from  which 
the   vertebrate  olfactory  organ  could   possibly   have  been 

*  'XJrsprung  der  Wirbelthiere.'    Leipzig,  1875,  p.  23. 
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derived  by  inheritance.  Hence  it  follows  either  that  verte- 
brates must  have  acquired  or  developed  an  olfactory  organ 
completely  de  novo,  or  else  that  their  olfactory  organ  has 
been  formed  by  gradual  modification  of  some  pre-existing 
structure  with  accompanying  change  of  function*.  The  first 
of  these  alternatives  may^  I  think,  be  at  once  dismissed  as 
untenable,  and  then  we  are  left  with  the  second  alternative. 

I  do  not  propose  to  enter  here  into  a  detailed  discussion 
of  the  physiology  of  smell,  but  will  only  remark  that  what 
little  we  do  appear  to  know  definitely  about  it  is  quite  in 
accordance  with  the  view  that  smelling  is  only  a  modified 
form  of  breathing,  and  that  no  very  violent  physiological 
change  would  be  necessary  to  convert  a  gill  into  an  olfactory 
organ.  On  the  other  hand,  the  sense  of  smell  is  something 
of  a  totally  different  nature  to  sight  or  hearing ;  the  essence 
of  these  latter  consists  in  the  appreciation  of  the  relative 
wave  lengths  of  undulations  conveyed  by  air  or  ether ;  while 
smell  appears  to  be  due  to  direct  chemical  action  on  the 
nerve-endings,  requiring  the  presence  of  free  oxygen 
(Graham) . 

In  the  first  part  of  this  paper  I  have  attempted  to  show 
that  the  cranial  nerves  afford  very  definite  evidence  as  to  the 
segmentation  of  the  anterior  part  of  the  vertebrate  head — 
evidence,  indeed,  quite  as  definite  as  that  which  they  have 
long  been  recognised  as  affording  concerning  the  hinder  part 
of  the  head.  The  second  part  of  the  paper  has  shown  that 
the  visceral  clefts  afford  equally  definite  evidence  on  the  same 
point.  In  a  former  paper  ^  I  have  called  attention  to  the 
fact  that  the  early  stages  of  the  brain  also  afford  evidence  on 
this  point. 

It  is  a  matter  of  considerable  interest  that  the  evidence 
yielded  by  these  three  types  of  structures  respectively,  as  to 
the  number  and  situation  of  the  cephalic  segments,is  identical. 

The  brain  consists  in  an  early  stage  of  a  series  of  vesicular 
dilatations  separated  by  slight  constrictions;  of  these  vesicles 
the  most  anterior  is  the  forebrain,  and  the  next  the  mid- 
brain; while  the  succeeding  vesicles,  which  form  a  series 
decreasing  in  size  from  before  backwards,  and  of  which  the 
first  two  at  any  rate  appear'^to  possess  considerable  constancy, 
are  spoken  of  collectively  as  forming  the  hindbrain. 

From  each  of  these  brain -vesicles  a  segmental  nerve 
arises :  the  forebrain  gives  origin  to  the  olfactory  nerve ;  the 
midbrain   to   the    third    or    oculomotor   nerve  ;'   from   the 

*  Cf.  Dohrn,  op.  cit.,  •*  Princip  des  Functionswechsels." 
2  *  Journal  of  Anatomj  and  Physiology.'  vol.  xl,  p.  510. 
'  For  a  fuU  diBcossion  of  the  reasons  which  have  led  me  to  consider  the 
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anterior  vesicle  of  the  hind  brain  the  fifth  or  trigeminal  nerve 
arises,  and  the  second  faindbrain- vesicle  appears  to  give  origin 
fairly  constantly  to  the  seventh  or  facial  nerve ;  behind  this 
I  have  not  observed  anj  definite  relation  between  the  cranial 
nerves  and  the  brain-vesicles^  which  latter  become  very 
email  and  of  doubtful  constancy  as  to  number  and  relations. 
This  is^  however^  a  matter  of  little  moment,  as  the  evidence 
afforded  by  the  cranial  nerves  themselves  and  by  the  visceral 
clefts  in  the  post- auditory  part  of  the  head  is  of  an  un- 
impeachable character. 

As  to  the  clefts,  the  most  anterior  is  the  olfactory  cleft ; 
tnde  figs.  S,  4,  5,  and  6.  Next  to  that  is  the  cleft  which, 
following  Prof.  Parker,  I  have  spoken  of  as  the  lachrymal, 
t.e.  the  cleft  in  front  of  the  maxillary  arch :  the  relations  of 
the  third  nerve  to  this  cleft  are  well  shown  in  fig.  6 ;  it  only 
remains  to  be  added  that,  of  the  two  branches  into  which  the 
third  nerve  divides  beyond  the  distal  ganglionic  swelling 
shown  in  fig.  6,  one  lies  at  first  behind  this  cleft,  the  other 
in  front  of  it. 

We  next  come  to  the  buccal  or  mouth  cleft,  between  the 
maxillary  and  mandibular  arches ;  the  relations  of  the  fifth 
nerve  to  this  cleft  are  well  known.  Behind  this  is  the 
hyomandibular  or  spiracular  cleft,  supplied  by  the  facial 
nerve ;  and  then  the  branchial  clefts,  supplied  by  the  glosso- 
pharyngeal and  by  the  several  branches  of  the  vagus. 

These  relations  are  exhibited  more  clearly  in  the  following 
table.  In  the  first  column  are  the  numbers  of  the  segments, 
of  which,  if  we  count  seven  branchial  clefts,  the  full  ver- 
tebrate number,  there  are  eleven  in  all ;  two  of  these  being 
prseoral,  and  eight  postoral.  The  second  column  contains 
the  brain  vesicles,  the  third  the  segmental  nerves,  and  the 
fourth  the  corresponding  visceral  clefts. 

third  nerve  as  a  seg^eDtal  nerve,  and  the  fourth  and  sixth  nerves  as  having 
DO  claim  to  segmental  value,  vide  'Quart.  Journ.  Micros.  Sci.,'  Jan., 
1878,  pp.  28—28,  and  pp.  32—33.  The  observations  there  recorded  for 
the  chick  I  have  since  verified  in  the  dogfish. 
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Head  Segments  of  VertebrcUee. 


Segment. 

Brain-vesicle. 

^erve. 

CUfl, 

Prteocal    1 

Forebram 

I.  Olfactory 

Olfactory. 

„        8 

^fidbraiB 

III.  Oculomotor 

LaohrrinaL 
Baocal. 

Oral         8 

Hindbrain,  1st  vesicle. 

V.  Triffeminal 
VIL  facial 

Foatotal  4 

n        2nd    „ 

Spiracular  or  by- 

omandibular. 

„        6 

Hiadbraiu 

rX.  GHosso  -  pharjfli- 

geal 
XVagua,  Ist  branch 

l8t  branchial. 

«        6 

99 

2od        „ 

„        7 

»» 

„       2nd     „ 

3rd         „ 

„        8 

»» 

„       3rd      „ 

4th        „ 

,.        9 

*> 

„       4tb      „ 

5th 

„      10 

»V 

«       6th       ^ 

6th 

9* 

„       6th       „ 

7th        „ 

This  table,  which  has  been  modelled  after  the  one  given 
by  BalfouT^^  differs  from  this  latter  in  some  important  points. 
The  differences  are  most  marked  in  the  anterior  part  of  the 
head^  where  I  have  added  an  olfactory  segment^  and  have 
attempted  to  define  more  accurately  the  constituents  of  the 
second  segment  by  removing  the  fourth  and  sixth  nerves, 
and  assigning,  for  reasons  discussed  elsewhere,  the  third 
nerve  as  the  true  segmental  nerve.  At  the  hinder  end  of  the 
head  I  have  added  two  segments  for  the  two  hinder  branchial 
clefts  of  Notidanus  and  the  Marsipobranchii,  so  that  tlie  table 
is  intended  to  include  the  full  number  of  head  segments  of 
which  we  have  any  definite  indication  in  any  vertebrate, 
excepting  Amphioxus  ;  though  it  is  by  no  means  intended  to 
exclude  the  possibility  of  additional  segments  having  existed 
at  the  hinder  end  of  the  head  in  former  vertebrates,  or 
actually  existing  in  some  living  forms. 

It  will  further  be  noticed  that  I  have  placed  the  visceral 
clefts,  and  not  the  visceral  arches,  as  indicating  segments ; 
this  is  a  point  of  some  importance,  but  one  which  I  do  not 
think  we  are  yet  in  a  position  to  decide  with  certainty.  The 
question  is,  whether  the  visceral  clefts  are  to  be  viewed  as 
intersegmental^  i.  e.  as  corresponding  in  position  to  the  lines 
of  separation  of  the  original  segments  by  the  fusion  of  which 
we  suppose  the  vertebrate  head  to  have  been  formed;  or 
whether  they  should  be  considered  as  intrasegmentaly  as 
apertures  formed  in  the  substance  of  the  segments  ;  in  other 

»  Op.  cit.,  p.  216. 
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words^  whether  the  visceral  clefts  are  formed  between  succes- 
sive segmeutSj  or  through  the  middle  of  the  segments. 

Though  the  former  of  these  views  is  usually  assumed  to  be 
the  true  one^  yet  there  are»  I  think,  considerations  of  some 
weight  in  favour  of  the  opposite  view.  In  the  first  place,  we 
must  bear  in  mind  that  the  original  proto -vertebral  segmen- 
tation does  XM>t  extend  to  the  head^  and  that  the  secondary, 
visceral  cleft  segmentation  appears  late,  and  differs  totally 
from  the  segmentation  of  the  body,  inasmuch  as,  instead  of 
starting  on  the  dorsal  side  in  the  mesoblastlc  tissue  on  either 
side  of  the  neural  axis,  it  arises  in,  and  is  limited  to,  the 
lateral  and  ventral  walls  of  the  alimentary  candL  Instead  of 
arising  primarily  in  the  mesoblast,  it  is  a  segmentation  in 
which  the  mesoblast  takes  no  share  whatever,  except  a 
purely  passive  one  j  it  is  a  segmentation  produced  by  the 
growth  ot  diverticula  from  the  alimentary  canal,  which  come 
in  contaet  with,  and  fuse  with  the  external  epiblast,  and, 
hnally,  by  perforation  of  this  latter  open  on  to  the  exterior. 
Now,  it  is  more  in  accordance  with  what  we  know  of  the 
occurrence  of  lateral  diverticula  of  the  alimentary  canal  in 
Inveitebrata^  that  these  should  be  segmental  rather  than 
intersegmental. 

Again,  while  each  cranial  segmental  nerve  supplies  two 
visceral  arches,  it  only  supplies  one  cleft;  and,  from  the 
analogy  of  Invertebrata,  we  should  expect  that  the  distribu- 
tion of  each  nerve  would  be  to  its  own  segment ;  while  it 
certainly  would  be  a  very  remarkable  fact  that  each  seg- 
mental nerve  should  supply  adjacent  halves  of  two  seg- 
ments. 

The  distribution  of  the  branchial  arteries  may  also  be 
cited  as  additional  evidence  in  the  same  direction;  the 
corresponding  vessels  in  Invertebrata  do  not  occupy  the  middle 
of  eacti  segment^  but  follow  the  intersegmental  septa,  whicli 
septa,  according  to  the  view  here  advocated,  would  occupy 
the  centres  of  the  vertebrate  visceral  arches,  and  so  corre- 
spond in  position  with  the  branchial  arteries.  On  the  same 
view  the  skeletal  elements  of  the  visceral  arches  would  also 
correspond  in  positionto  the  intersegmental  septa, from  which, 
indeed,  they  may  conceivably  have  been  derived. 

This  view  acquires  some  additional  interest  in  connection 
with  Dr.  Dohrn's  suggestion  that  the  visceral  clefts  are 
homologues  of  segmental  organs.^ 

The  theory  above  propounded  as  to  the  morphology  of  the 
vertebrate  head,  will,  I  venture  to  think,  throw  some  light 
on  the  nature  of  the  skeletal  elements  of  the  head.     I  will 
*  Op.  cit.,  pp.  10,  11. 
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here  only  notice  briefly  one  or  two  points  of  importance. 
On  the  view  here  put  forward  the  trabecul€B  cranii,  which 
lie  at  the  base  of  the  brain^  run  parallel  to  the  longitu- 
dinal axis  of  the  head^  and  at  right  angles  to  the  segmental 
structures,  such  as  the  third  and  olfactory  nerves  and 
the  corresponding  clefts^  must  be  regarded  as  axial  struc* 
tures,  and  not  as  arches,  whether  neural  or  haemal.^ 

Again,  my  investigations  appear  to  leave  no  room  for 
doubt  that  the  maxillary  arch,  the  rudiment  of  the  upper 
jaw^  is  as  fully  entitled  to  rank  as  a  distinct  visceral  arch  as 
the  mandibular,  hyoid,  or  branchial  arches.  Figs.  S — 6 
appear  to  me  to  afford  conclusive  evidence  on  this  point. 

The  morphological  nature  of  the  labial  cartilages  has  been 
matter  of  much  dispute ;  if  the  determination  of  the  olfac* 
tory  organ  as  a  gill  cleft  be  accepted,  those  at  least  of  the 
labial  cartilages  which  are  grouped  round  the  external  aper- 
ture of  the  olfactory  organ,  and  very  possibly  those*  also  in 
connection  with  the  gape  of  the  mouth,  would  appear  to  be 
homologues  of  the  extra-branchial  cartilages,  a  suggestion  in 
which  I  find  I  have  been  anticipated  by  Professor  Parker.^ 

I  cannot  refrain  here  from  referring  to  the  remarkable 
manner  in  which  the  views  here  put  forward  agree  with  the 
results  arrived  at  by  Professor  Parker,  and  embodied  in  his 
latest  paper .^  He  there  expresses  himself  '^  satisfied  that, 
in  spite  of  the  doubling  up  of  the  basis  cranii,  at  the  time 
of  its  greatest  flexure,  there  are  rudiments  of  three  prseoral 
arches,  related  to  two  pr€Boral  clefts,  the  lachrymal  and  the 
nasaV*  "  Thus  we  get  four  pre-auditory,  and  eight  post- 
auditory  clefts,  with  their  nerves ;  if  we  add  the  twelfth 
(hypoglossal),  of  the  '  Amniota,^  we  have  obtained  signs  and 
proofs  of  thirteen  cranial  (segmental)  nerves,  all  of  these,  ex- 
cept the  last,  forking  over  visceral  clefts,  and  hedged  in  all 
but  the  last  by  visceral  bars.  The  first  of  the  bars  is  in 
front  of  the  first  or  nasal  cleft,  the  last,  or  thirteenth,  is 
the  hinder  bar  of  the  lamprey's  branchial  basket  work." 
The  italics  in  the  above  quotation  are  mine.  Though  I  see 
no  reason  for  regarding  the  hypoglossal  as  a  segmental 
cranial  nerve,  this  extract  from  Professor  Parker's  work 
shows  that  the  study  of  the  skeletal  elements  of  the  head 

1  Cf.  Parker,  "  On  the  Development  of  the  Skull  and  its  Nerves  in  the 
Green  Turtle,"  'Proc.  Royal  Soc.,'  1879. 

'  *  Trans.  Zool.  Soc./  1876,  *'0n  the  Structure  and  Development  of  the 
Skull  in  Sharks  and  Skates/*  pp.  212  and  224. 

»  "  On  the  Development  of  the  Skull  and  lis  Nerves  in  the  Green  Turtle." 
•Proc.  Ro^al  Soc.'  1879.  This  was  read  before  the  Royal  Society  on  the 
same  evening  as  the  abstract  of  the  present  paper. 
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leads  to  results  almost  identical  with  those  at  which  I  have 
arrived,  and  affords  perhaps  the  strongest  possible  confirma- 
tion of  these  results. 

Though  in  the  above  enumeration  of  the  segmental  cranial 
nerves  I  have  left  out  the  optic  nerve,  for  reasons  stated 
elsewhere,*  it  is  quite  possible  that  this  nerve  may  ultimately 
prove  to  be  of  segmental  value ;  in  which  case  it  would  indi- 
cate the  existence  of  a  cleft  between  the  olfactory  and 
lachrymal  cleft.  However,  I  have  as  yet  completely  failed 
to  find  any  evidence  of  its  segmental  nature,  and  must,  for 
the  present,  regard  it  as  of  a  totally  different  nature  to  any 
of  the  other  nerves.  The  case  of  the  auditory  nerve  is  very 
different,  for  there  can  be  little  doubt  that  this  is  to  be 
viewed  as  merely  a  specialised  branch  of  the  facial.' 

If  the  olfactory  organs  are  really  a  pair  of  gill  slits,  then 
they  must  have  originally  communicated  with  the  mouth 
cavity ;  and  it  becomes  a  matter  of  considerable  interest  to 
determine  whether  any  traces  of  such  a  communication 
still  exist.  It  is  quite  possible  that  the  grooves  which  con- 
nect the  nasal  sacs  with  the  angles  of  the  mouth  in  the 
skate  and  other  Elasmobranchs,  and  which  form  the  rudi- 
ments of  the  posterior  narial  passages  of  higher  vertebrates^ 
are  remnants  of  this  communication.  It  is  difficult  to  under- 
stand what  function  these  grooves  subserve  in  Elasmobranchs, 
and  their  apparently  irregular  presencp  or  absence  in  closely 
allied  genera  would  well  accord  with  their  being  disappear- 
ing rudiments.  In  connection  with  this  point  some  obser- 
vations I  have  recently  made  on  trout  and  salmon  embryos, 
though  incomplete,  appear  to  possess  some  interest. 

Fig.  SI  is  a  transverse  section  through  the  anterior  part 
of  the  head  of  a  salmon  embryo  just  about  the  time  of 
hatching:  the  section  passes  through  the  anterior  borders 
of  the  olfactory  pits  {olf.\  through  the  cartilaginous  plate 
formed  by  the  fusion  of  the  two  trabeculse  (^r.),  and,  on  the 
ventral  side,  through  a  large  flattened  cavity  (alf,) ;  this  .cavity 
is  found,  by  a  study  of  the  sections  in  front  of  and  behind 
the  one  figured,  to  be  an  anterior  prolongation  of  the  buccal 
cavity,  extending  forwards  in  front  of  the  mouth,  underlying 
the  olfactory  sacs,  and  reaching  almost  to  the  extreme  ante- 
rior end  of  the  head. 

Fig.  S3,  which  has  been  already  described,  is  a  section 
taken  through  the  head  of  an  embryo  of  about  the  same 
age  as  that  in  fig.  31,  but  a  little  further  back  ,*  it  shows  this 
same  cavity,  which,  however,  is  now  not  completely  closed 

^  '  Quart.  Joarn.  Micros.  Sci./  January,  1878,  pp.  23 — 27. 
'  Balfour,  op.  cit.,  p.  213,  and  self,  loo.  cit.,  pp.  34r— 36. 
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in  tbe  median  ventral  line,  tbe  section  passing  tfarotigb'the 
anterior  part  of  the  oral  aperture^ 

In  figs.  34  and  35  the  same  structure  is  shown  in  longi<^ 
jtudinal  and  vertical  section ;  fig^  35,  which  is  the  more 
superficial  of  the  two^  shows  the  pharynx  (aF.J,  with  the 
branchial  arches  and  the  anterior  continuation  of  tbe  buccal 
cavity  (a/'.)  Fig.  34,  which  passes  through  tbe  root  of  origin 
of  the  olfactory  nerve,  and  therefore,  as  is  evident  from  fig. 
33,  very  close  Uy  tbe  median  line,  passes  also  througb  tbe 
mouth;  it  shows  very  clearly  the  mapner  in  which  this 
anterior  prolongation  (a/')  extends  forwards  in  front  of  the 
anterior  margin  of  tbe  mouth, 

I  have  unfortunately  qot  yet  succeeded  in  tracing  tbe 
development  of  this  prolongation,  and  do  not  even  know  for 
certain  whether  it  appears  before  or  after  tbe  formation  of 
the  mouth,  or  whether  it  is  lined  by  hypoblast  or  epiblast. 

At  a  stage  a  little  later  than  that  just  described,  when  the 
growth  of  tbe  anterior  part  of  the  bead  has  carried  the 
nose  considerably  further  forwards,  this  prolougation  exists 
in  the  form  of  a  pair  of  coeqal  diverticula,  stretching  for- 
wards from  the  anterior  part  of  the  buccal  cavity  towards 
the  olfactory  pits.  These  are  well  shown  in  fig.  3^  a  trans- 
verse section  througb  the  anterior  part  of  the  head  of  a 
salmon  embryo  about  a  week  after  hatching.  The  section 
passes  through  tbe  extreme  anterior  end  of  tbe  forebrain 
( /.  b.)  in  front  of  tbe*origin  of  the  olfactory  nerves,  through 
the  two  eyes  (o,  <?.),  the  superior  recti  muscles  (n  «.),the  trabe- 
cular plate  (tr,),  the  binder  end  of  the  two  olfactory  pits  (olf,), 
and  the  diverticula  of  tbe  buccal  cavity  (aV.}  close  to  their 
anterior  terminations.  At  a  stage  a  little  later  still,  these 
diverticula  appear  to  shrink  and  disappear;  at  least  I 
have  failed  to  recognize  them  in  sections. 

Whatever  these  diverticula  may  prove  to  be,  their  exist- 
ence is  certainly  of  some  interest  in  connection  with  the 
visceral-cleft  theory  of  the  olfactory  organ ;  they  show,  at 
any  rate,  that  there  do  exist  diverticula  of  the  alimentary 
canal  towards  tbe  olfactory  organs ;  they  may  possibly  be 
taken  as  indications  of  a  former  extension  forwards  of  tbe 
alimentary  canal  to  the  anterior  end  of  tbe  bead ;  while  their 
paired  condition,  shown  in  fig.  32,  may  perhaps  be  an  indica- 
tion of  relationship  to  tbe  paired  lateral  diverticula  of  tbe 
alimentary  canal,  which  form  the  rudiments  of  the  hinder 
visceral  clefts. 

Again,  if  the  olfactory  organs  are  gill  clefts  and  tbe  Schnei- 
derian  folds  gills,  not  only  must  these  clefts  have  originally 
communicated   with  the   buccal  cavity,  but  the  vertebrate 
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^outli  must  originally  have  been  in  front  of  them,  Aceord<- 
^Qg  tQ  Dr.  Dobra  the  present  vertebrate  n^outh  19  formed 
by  the  inedian  eoal^Bcence  of  a  pair  of  gill  slits ;  my  own 
investigation^  lead  me  tp  the  conclusion  that,  though  these 
gill  slits  do  cioptribute  tp  the  formation  of  the  mouth,  ther^ 
is  in  addition  a  median  iavolution  of  the  epiblast  of  the 
under  smrf^Pe  of  the  he^d^  as  described  by  Bs^lfour^  and 
Others,  so  that  ]tbe  jonoutb  eonsists  of  three  elenpei^jts,  a 
ppaedian  epibUstic  involution  and  a  pair  of  gill  jsUt^.  I  am 
inclined  al^o  to  believe  that  the  fact  pf  tbe  olfactory  prganp 
ilpp^ariI)g  in  front  of  the  mojoth  is  duetp  tvp  causes  ;  firstly, 
ihe  hypertrophy  of  the  forepart  of  the  head  parrying  the 
pjfactpry  sfps  forwards  ;  and,  secoiidly,  an  actual  shifting 
backwards  of  the  median  element  of  the  niouth,  of  which  [ 
;thipk  there  is  ^  certain  a^OHnt  of  independent  evidence^ 
The  anterior  end  of  the  Botochord  i^,  as  i^  well  known,  bent 
pompletely  ro^nd  on  itself,  through  an  nngle  of  fully  180°, 
i.  e,  as  Balfour  has  already  noticed^  to  ^,  much  greater  ei^tent 
than  cranial  fie:i^ure  alone  will  account  for.  Now,  assuming 
that  the  notochord  is  a  hypoblastic  structure,  and  that  its 
interior  end  remains  for  a  time  in  connection  with  the  hypo- 
blast, a  shrinking  back  of  the  hypoblast  of  the  anterior  end 
of  the  foregut  would  at  once  account  for  this  condition  of 
the  notochord,  and  would  at  the  same  time  cause  a  displace* 
ment  backwards  of  the  mouth.  It  would  appear  therefore 
quite  possible  that  the  median  element  of  the  present  verte- 
brate mouth  is  the  original  vertebrate  mouth  which  has  under- 
gone a  slight  displacement  backwards,  and  so  has  become 
severed  from  the  olfactory  organs. 

Perhaps  the  most  serious  objection  te  the  visceral-cleft 
theory  of  the  olfactory  org^n  that  is  likely  to  occur  at  first 
sight,  is  the  fact  that  these  organs  are  involutions  of  the 
external  epiblast,  while  the  visceral  clefts  are  formed  by 
diverticula  of  the  hypoblast  of  the  foregut.  While  fully 
admitting  the  force  of  this  objection,  I  venture  to  think  that 
the  arguments  I  have  brought  forward — the  evidence  in 
favour  of  the  segmental  value  of  the  olfactory  nerve,  the 
close  relation,  both  anatomical  and  histological,  between  the 
olfactory  organ  and  the  visceral  clefts,  the  fact  that  these 
relations  are  much  more  marked  in  the  more  primitive  than  in 
the  more  specialised  vertebrates,  the  various  identities  in  time 
of  appearance  and  in  histological  structure,  and  the  con- 
current testimony  of  the  various  incidental  circumstances  to 
which  I  have  alluded — are  sufficient  to  outweigh  this  objec- 
tion. Moreover,  we  must  bear  in  mind  that  slight  ingrowths 
»  Op.cit.,  p.  189. 
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of  the  external  epiblast  towards  the  faypoblastic  ontgrowtTi^ 
of  the  pharynx  may  occur,  and  that  it  is  still  a  matter  of 
uncertainty  whether  some  of  the  gills  are  not  epiblastic 
rather  than  hypoblastic  ;^  while,  if  the  diverticula  of  the 
alimentary  canal  described  above  in  the  trout  and  salmoa 
should  prove  to  be  hypoblastic,  the  principal  differences 
between  the  olfactory  organs  and  the  gill  clefts  would  be  the 
gradual  shrinking  of  the  most  anterior  pair  of  diverticula  of 
the  buccal  cavity,  the  ultimate  failure  on  their  part  to  reach 
the  surface,  and  a  corresponding  exaggeration  of  the  epi- 
blastic surface  involutions,  which  changes  can  readily  be  con- 
ceived as  following  on,  and  caused  by,  a  slight  displacement 
backwards  of  the  mouth.  Since  the  functional  activity  of 
the  gills  as  such  depends  on  the  constant  passage  of  a  stream 
of  water  through  the  mouth  into  the  buccal  cavity  and  then 
out  through  the  gill  slits,  it  follows  that  if  the  mouth  were 
changed  in  position  so  as  to  be  situated  liehind  instead  of 
in  front  of,  the  first  pair  of  gills,  the  function  of  these  gills 
would  be  materially  interfered  with,  while  their  position  at 
the  anterior  extremity  of  the  head  and  their  consequent 
potential  utility,  would  favour  their  preservation  in  a  modified 
form,  and  with  modified  function. 


On  the  Bratn  of  the  Cogkboach,  Blatta  okientalis.  By 
E.  T.  Newton,  F.G.S.,  H.  M.  Geological  Survey.  With 
Plates  XV  and  XVI. 

The  common  cockroach,  Blatta  orientalis,  has  been  found 
a  very  convenient  insect  to  take  as  a  type  of  its  order,  both 
on  account  of  its  generalised  structure,  and  the  readiness  with 
which  it  may  be  obtained,  in  any  numbers,  at  all  seasons  of 
the  year ;  consequently  it  has  been  dissected  largely  in  our 
biological  schools. 

It  seemed  desirable,  therefore,  when  the  structure  of  the 
brain  of  certain  insects  was  being  investigated  by  several 
continental  naturalists,  that  we  should  make  ourselves  some- 
what better  acquainted  with  the  brain  of  our  typical  insect 
the  cockroach,  for  this  had  not  been  worked  out  as  care- 
fully as  it  merited.  And  further,  inasmuch  as  in  certain 
particulars  this  insect  is  le^s  specialised  than  some  of 
those,  the  brains  of  which  have  been  examined,  it  seemed 

"  Balfour,  op.  cit.,  pp.  210,  211. 
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probable  that  we  should  here  find  the  brain  in  a  less  special- 
ised condition.  The  facts  which  have  now  been  made  out 
show  that,  in  the  structure  of  its  brain,  the  cockroach  holds 
a  median  position;  possessing  as  it  does  all  the  struct 
tures  (excepting  the  ocelli  nerves,  unless,  indeed,  the  white 
spots  near  the  bases  of  the  antennce  should  prove  to  be 
rudimentary  ocelli)  which  have  been  described  in  other 
insects ;  but  at  the  same  time  certain  of  these  parts  are 
not  quite  so  complicated  and  are,  therefore,  more  easily 
understood. 

It  was  not  until  I  had  nearly  finished  my  own  investiga- 
tions, and  was  about  to  publish  the  results,  that  I  saw  the 
memoir  by  Dr.  Flogel  (*  Zeitsch.  wissen.  Zool.,'  1878,  vol. 
XXX,  supple.,  p.  566),  in  which  the  internal  structure  of  the 
brain  of  Blatta  is  very  fully  described.  On  the  whole  the 
results  which  I  had  obtained  agreed  with  those  of  Dr.  Flogel ; 
but  as  my  paper  did  not  cover  the  same  ground,  and,  more- 
over, as  little  or  nothing  had  appeared  in  British  journals 
on  the  minute  structure  of  insects'  brains,  it  still  seemed 
desirable  to  publish  the  results  of  my  own  work.  And,  fur- 
ther, as  the  Blatta's  brain  seems  likely  to  be  taken  as  the 
type  for  comparison  in  future  investigations,  it  is  the  more 
necessary  to  have  it  fully  illustrated,  and  the  photograph  of 
one  section  only,  which  is  all  that  is  given  by  Flogel  of  the 
Blatta  brain,  seemed  to  me  quite  inadequate  for  its  proper 
comprehension.  Even  with  a  series  of  sections  and  drawings 
before  me,  it  was  by  no  means  easy  to  get  a  clear  conception 
of  the  forms  of  some  of  the  internal  parts,  and  I  therefore 
constructed  a  model  from  a  series  of  sections  (vide  ^  Quekett 
Journal,'  1879,  vol.  v,  p.  160),  which  gave  me  a  far  better 
knowledge  of  these  parts  than  I  had  found  it  possible  to  get 
in  any  other  way. 

The  complicated  internal  structure  of  the  brain  of  insects, 
appears  to  have  been  first  pointed  out  by  M.  Dujardin,  and 
attention  is  more  especially  directed  to  this,  because  the  cor- 
rectness and  clearness  of  his  descriptions  do  not  appear  to 
me  to  have  been  sufficiently  appreciated. 

M.  Dujardin,  in  1850  {'  Ann.  d.  Sci.  Nat.,'  t.  xiv,  p.  195), 
pointed  out  that  in  some  insects  there  were  to  be  seen  upon 
the  upper  part  of  the  brain  certain  convoluted  portions 
which  ne  compared  to  the  convolutions  of  the  mammalian 
brain,  and,  inasmuch  as  they  seemed  to  be  more  deve- 
loped in  those  insects  which  are  remarkable  for  their  intelli- 
gence, such  as  ants,  bees,  wasps,  &c.,  he  seemed  to  think 
the  intelligence  of  insects  stood  in  direct  relationship  to  the 
development  of  these  bodies. 

VOL.   XIX. NEW    SER.  Z 


Digiti 


zed  by  Google 


842  E.  T.  NBWTON. 

The  form  of  these  structures  is  described  by  the  same 
author  as  beings  when  fully  developed^  as  in  the  bee^  like  a 
pair  of  discs  upon  each  side^  each  disc  being  folded  together 
and  bent  downwards  before  and  behind,  its  border  being 
thickened  and  the  inner  portion  radiated.  By  very  careful 
dissection  he  found  these  bodies  to  be  connected  on  each 
side  with  a  short  pedicle^  which  bifurcates  below  to  end  in 
two  tubercles.  One  of  these  tubercles  is  directed  towards  the 
middle  line  and  approaches^  but  does  not  touch,  the  corre- 
sponding process  of  the  opposite  side.  The  second  tubercle  is 
directed  forwards  and  is  in  close  relation  to  the  front  wall 
of  the  head>  being  only  covered  by  the  pia  mater«  These 
convoluted  bodies  and  the  stalks  upon  which  they  are  mounted 
are  compared  by  Dujardin  to  certain  kinds  of  mushrooms^ 
and  this  idea  has  been  retained  by  more  recent  writers  on 
the  subject. 

The  physiological  experiments  of  Faivre  in  1857  ('  Ann. 
d.  Sci.  Nat./  t.  viii,  p.  246)  upon  the  brain  of  Dytiscus  in 
relation  to  locomotion,  are  of  very  considerable  interest, 
showing,  as  they  appear  to  do,  that  the  power  of  co-ordinating 
the  movements  of  the  body  is  lodged  in  the  iufra-oesophageal 
ganglia.  And  such  being  the  case,  both  the  upper  and 
lower  pairs  of  ganglia  ought  to  be  regarded  as  forming  parts 
of  the  insect's  brain. 

Dr.  Franz  Leydig,  in  1864  ('  Vom  Bau  des  thierischen 
Korpers,'  &c.),  entered  fully  into  the  structure  of  the  nervdus 
system  of  insects,  and  described  the  histology  of  the  various 
parts  of  the  brain.  The  method  of  preparation  which  he 
adopted  was  to  preserve  the  insect  in  absolute  alcohol, 
then  to  remove  the  brain,  and  render  it  transparent  with 
dilute  potash  solution,  or  glycerine.  As  regards  the  general 
structure  of  the  so-called  mushroom  body  and  its  stem, 
Lieydig  makes  little  advance  upon  what  was  done  by 
Dujardin,  but,  in  consequence  of  his  method  of  preparation, 
as  it  seems,  was  misled  into  describing  as  a  giant  nucleus 
upon  each  side  of  the  middle  of  the  brain,  the  peculiar  mass 
01  nervous  matter,  which  Dujardin  had  correctly  described 
as  a  process  extending  forwards  to  the  front  surface  of 
the  brain. 

In  1875  Dr.  Rabl  Riickhard  C  Archiv.  f.  Anat.  u.  Phys.,' 
p.  480),  described  the  structure  of  the  brain  of  the  black 
ant  (Camponotus  liffniperdus),  adopting  chiefly  the  method 
of  preparation  made  use  of  by  Leydig.  He  was  enabled  to 
make  out  the  head  of  the  mushroom  bodv  with  its  stalk; 
he  also  saw  the  appearance  described  by  £eydig  as  a  giant 
nucleus,  but  believed  it  to  be  the  optical  section  of  cylindri- 
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cal  commissures  passing  from  the  front  to  the  back  of  the 
brain.  He  mentions  also  that^  in  the  bee^  he  has  been 
able  to^dissect  out  the  process  which  passes  to  the  front  of 
the  brain^  as  described  by  Dujardin.  It  is  this  which^  when 
seen  from  before,  gives  the  appearance  of  a  central  nucleus 
in  each  hemisphere.  The  head  of  the  mushroom  body 
he  described  as  forming  a  complete  ring,  which  he  was . 
able  to  separate  from  the  surrounding  parts.  From  what 
we  now  know  of  the  structure  of  these  mushroom  bodies,  it  is 
clear  that  these  parts  must  have  been  separated  from 
their  attachments  before  they  could  give  the  appearance  of 
closed  rings.  We  shall,  I  think,  see  presently  that  Dujar- 
din was  much  more  correct  in  speaking  of  them  as  folded 
discs. 

Dr.  Dietl,  in  1876  Q  Zeitsch.  wissen,  Zool.,'  Band  xxvii, 
p.  488),  published  an  elaborate  description  of  the  brains  of 
the  bee,  mole-cricket,  grasshopper,  &c.  The  method  em- 
ployed by  this  author  was,  to  cut  up  in  definite  directions 
brains  which  had  been  hardened  in  osmic  acid.  In  the 
main  the  results  of  his  observations  accord  with  those  of 
Dujardin  and  Kabl  Kiickhard.  He  agrees  with  them  as  to 
the  existence  in  the  bee  of  two  mushroom  bodies  in  each 
hemisphere,  mounted  upon  downwardly-directed  stalks,  and 
also  as  to  the  cylinder 'of  nervous  matter  passing  forwards 
to  end  abruptly  upon  the  front  of  the  brain.  He  further 
agrees  with  Rabl  Riichkard  that  the  giant  nucleus  of  Leydig 
is  the  optical  section  of  this  nervous  cylinder.  In  the 
mole-cricket  Dietl  describes  only  one  mushroom  body  on 
each  side,  and  the  stem  passing  downwards  from  this  is  said 
to  divide  into  two  parts,  one  of  these  ending  in  the 
middle  line,  whilst  the  other  forms  the  cylinder  ending 
upon  the  front  of  the  brain.  The  various  histological  ele- 
ments are  described  in  detail,  as  they  are  found  in  the 
various  parts  of  the  brain.  Dr.  Dietl  finds  the  nervous 
matter  in  invertebrate  brains  under  the  three  following 
conditions : — 1.  Ganglionic  cells,  as  they  are  called,  and 
allied  structures,  free  protoplasmic  nuclei.  2  Nerve-fibres 
of  the  most  different  sizes.  3.  '^  MarksuhstanZf*  a  peculiar 
arrangement  of  nervous  matter,  which  appears  sometimes  as 
fine  fibrillse,  with  an  axial  arrangement,  sometimes  as  a  very 
fine  network  of  different  thicknesses,  and  sometimes  as  thin 
lamellsD,  or  altogether  homogeneous.  Under  all  these  forms 
this  third  group  of  textures  is  characterised  by  turning 
very  dark  under  the  influence  of  osmic  acid,  whilst  the 
other  elements  are  only  turned  brown. 

Another  valuable  addition  to  our  knowledge  of  insect 
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braius  was  made  by  the  publication  of  the  memoir  by  E. 
Berger  in  1878  (f  Arbeiten  des  Zoolog.,  Instituts  zu  Wien./ 
Bd.  i^  Heft  ii^  p.  173)  •  This  memoir  is  largely  occupied 
with  the  description  of  the  retina  and  the  structures  to  be 
found  in  the  optic  lobes  of  Arthropods.  It  is  extremely 
interesting  to  find  that  the  peculiar  oval  bodies  which  Leydig 
"figured  as  occurring  in  the  optic  lobe  of  Dytiscus  (^Tafeln 
z.  Vergleich/  1864),  and  were  afterwards  described  and 
figured  by  me  as  "  lenticular  bodies  "  in  the  eye  of  the  lobster 
('Quart.  Jour.  Micro.  Sci./  1878,  vol.  xiii^p.  836),  are  to  be 
found  in  a  more  or  less  modified  form  in  all  the  insects  and 
Crustacea  described  by  E.  Berger.  The  remarkable  crossing 
of  the  nerve-fibres  between  the  retina  and  the  lenticular 
bodies  is  seen  not  to  be  peculiar  to  the  lobster.  The  kidney- 
shaped  body,  which  is  such  a  distinct  part  in  the  lobster's 
optic  ganglion,  appears  to  be  represented  in  the  Squilla  by 
the  body  marked  g  in  Berger's  figure  32.  The  brains  of  a 
number  of  insects  are  described,  including  examples  from 
the  Neuroptera,  Coleoptera,  Diptera,  Lepidcptera,  Hymen" 
qptera,  and  Orthopiera,  and  in  each  of  these  the  author 
seems  to  have  found  the  homologues  of  the  mushroom  bodies, 
although  in  some — the  Diptera,  for  example — they  are  very 
rudimentary.  Not  a  little  important  are  the  facts  recorded 
relative  to  the  transverse  commissures  of  the  brain.  It  seems 
to  me  somewhat  doubtful  whether  the  paired  '  structures 
which  have  been  shown  by  several  authors  to  be  present  in 
the  brains  of  Crustacea,  are  really  the  homologues  of  the 
mushroom  bodies  of  the  insect's  brain.  Dietl  has  shown 
{'  Sitz.  Kaiser.  Akad.  d.  Wissen.,'  1878,  Band  77,  p.  584) 
that  in  the  crayfish  these  bodies  are  connected  with  the 
optic  nerve,  and  he  calls  them  optic  lobes.  Among  the 
Insecta  this  connection,  if  it  exists,  has  yet  to  be  demon- 
strated. 

Dr.  Flogel,  in  his  paper  already  referred  to  (loc.  cit.),  takes 
the  Blatta  brain  as  a  typical  form,  and  describes  its  internal 
structure.  Great  stress  is  laid  upon  the  persistent  presence 
in  all  orders  of  insects  of  that  peculiar  median  laminated 
structure,  described  by  Dietl,  which  is  now  called  by  Flogel 
the  central  body  *'  Centralkorper.*'  In  Blatta  there  is  a  pair 
of  mushroom  bodies  in  each  hemisphere.  The  cylinder  of 
fibres  passing  to  the  front  of  the  brain  is  very  large,  and  is 
termed  the  anterior  horn  "  Vbrderhom/^  The  description 
of  the  minute  elements  agrees  with  DietVs  observations 
mentioned  above.  In  the  latter  part  of  this  paper  the  brains 
of  various  insects  are  described,  which  have  been  taken 
from  the  different  orders,  and  a  tabular  scheme  is  given  of 
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the  relations  of  these  orders^  based  chiefly  upon  the  degree  of 
development  of  the  mushroom  bodies. 

Blatta  (Periplaneta)  orientalis. 

Oeneralform  of  the  brain. — When  the  chitinous  covering 
of  the  upper  and  front  part  of  a  cockroach's  head  isremovedj, 
together  with  the  tissues  which  lie  just  within  it,  the  brain , 
or  supra-oesophageal  ganglion,  is  displayed  as  a  pearly  white 
body,  occupying  but  a  small  portion  of  the  cavity  of  the 
head  (fig.  1).  In  this  view  the  brain  is  seen  to 
consist  of  two  rounded  masses  above,  separated  from  each 
other  by  a  deep  median  fissure.  From  the  outer  sides  of 
these  hemispheres,  as  they  might  be  termed,  the  large  nerves 
are  given  off  to  the  eyes  {op.).  Below  are  two  smaller 
rounded  masses,  marked  off  from  the  upper  ones  by  a  depres- 
sion, these  are  the  antennary  lobes  (anl.),  from  the  outer  side 
of  each  of  these  a  nerve  passes  off  to  one  of  the  antennae.  A 
side  view  of  the  head  dissected  so  as  to  expose  the  brain 
(fig.  2)  shows  the  latter  to  be  placed  very  near  the  front 
wall,  while  the  space  behind  it  is  occupied  to  a  large  extent 
by  the  muscles  of  the  jaws. 

At  first  sight  the  only  nerves  given  off  from  this  upper 
division  of  the  brain  Beem  to  be  the  optic  and  antennary 
nerves,  but  I  have  now  been  able  to  trace  four  other  pairs ; 
these,  however,  are  very  small. 

(1.)  On  more  than  one  occasion,  when  opening  the  head 
of  a  cockroach,  I  have  observed  a  very  delicate  white  fibre 
passing  from  the  front  surface  of  the  brain  towards  the 
front  wall  of  the  head ;  but  thinking  it  was  merely  a  tra- 
cheal vessel,  I  had  not  troubled  to  trace  its  distribution. 
After  seeing  Dr.  FlogeVs  statement  that  a  nerve  passes  out 
from  the  front  of  the  brain  on  each  side,  in  the  region  where 
I  had  noticed  this  white  fibre,  I  searched  again,  and  now 
had  the  satisfaction  not  only  of  finding  the  nerves  in  the 
position  indicated  (fig.  1  ntos),  but  also  of  tracing  them  most 
clearly  to  those  peculiar  oval^  silvery  patches,  which  are 
situated  on  the  front  of  the  head,  just  above  and  within  the 
antennae  {t08.).  It  appeared  to  me  that  one  of  these  nerves, 
before  reaching  the  silvenr  patch,  gave  off  a  branch  which 
passed  round  to  the  side  of  the  brain,  just  above  the  optic 
nerve ;  but  I  could  not  trace  it  upon  the  opposite  side,  and 
I  failed  altogether  to  see  it  in  another  specimen. 

(S.)  Another  nerve  is  to  be  found  passing  off  from  just 
underneath  the  antennary  lobe  on  each  side  (figs.  1  and  2 
anm.),  and  these  I  have  been  fible  to  trace  to  the  muscles  of 
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the  antennae^  which  lie  within  the  head  just  below  the  base 
of  the  antenuse. 

(3.)  Upon  each  side  of  the  brain,  a  little  behind  the  an- 
tennary  nerve,  a  third  very  small  nerve  may  be  found  (fig. 
S  n),  the  distribution  of  which  I  have  not  yet  traced. 

(4.)  The  stomato-gastric  ganglia  join  the  brain  at  its 
back  part  (fig.  4  a.  stg.). 

From  the  lower  and  back  part  of  the  brain  on  each  side, 
the  large  pair  of  commissures  (fig.  2  o.  com.)  pass  downwards 
and  backwards  to  the  infra-oesophageal  ganglia  {inf.  g.). 
From  the  front  of  each  commissure  a  broad  band  of  fibres 
arises,  which  passes  forwards  for  a  short  distance  upon  the 
sides  of  the  oesophagus,  and  then  divides  into  two  branches ; 
one  of  these  curves  forwards  and  upwards  to  meet  with  its 
fellow  of  the  opposite  side  in  the  frontal  ganglion  (fig.  2 
fg*)»  The  second  branch  appears  hitherto  to  have  escaped 
notice,  it  passes  forwards  and  downwards  (fig.  2  /n.),  and 
the  two  may  be  traced  into  the  labrum,  as  far  as  the  round 
white  spots,  which  are  situated,  one  on  each  side,  upon  the 
inner  surface  of  that  appendage. 

The  infra-oesophageal  ganglia  are  situated  quite  close  to 
the  back  part  of  the  head,  being  only  separated  from  the 
submentum  by  a  thin  band  of  muscles.  The  nerves  arising 
from  these  ganglia  are  shown  in  figures  %  and  3.  The 
majority  of  them  were  most  easily  traced  when  approached 
from  the  back.  For  this  purpose,  the  head  was  fixed  in 
wax  with  the  front  surface  downwards,  the  submentum  re- 
moved, and  then  the  parts  below  gradually  displayed.  Fig. 
3  is  the  result  of  careful  dissections  of  numerous  individuals. 
If  the  commissures  passing  into  the  head  from  the  body 
ganglia  be  traced  forwards,  it  will  be  found  that,  just  within 
the  foramen  magnum,  where  they  join  the  infra-oesophageal 
ganglia,  a  minute  nerve  is  given  off  on  each  side  (figs.  2 
and  3  nf,)^  which  appears  to  be  distributed  to  the  muscles 
in  the  immediate  vicinity  of  the  foramen.  In  one  instance 
there  seemed  to  be  two  or  three  of  these  minute  fibres. 
With  the  exception  of  the  nerves  just  mentioned,  no  fibres 
were  to  be  found  passing  off  from  the  hinder  surface  of 
these  ganglia ;  at  the  lowermost  angles  the  pair  of  nerves 
Qm.)  pass  off,  one  to  each  side  of  the  labium ;  each  of  these 
nerves  at  length  divides  into  two,  sending  a  branch  into 
the  inner  and  outer  divisions  of  the  labium.  Immediately 
in  front  of  each  labial  nerve,  or  perhaps  arising  from  it,  there 
is  another  very  minute  one,  which  passes  outwards  and  is  lost 
in  the  surroimdinff  muscles.  A  little  further  forwards,  on 
each  side,  a  nerve  is  given  off  to  the  maxilla  {mx).    From 
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the  base  of  this^  and  close  to  the  ganglion  itself,  a  minute 
nerve  is  given  off^  which^  passing  directly  outwards,  could  be 
traced  to  the  proximal  part  of  the  stipes.  Further  down  the 
maidllary  nerve  divides  into  two,  and  then  the  outer  division 
into  two  again,  thus  forming  three  branches,  which  no  doubt 
supply  the  three  distal  divisions  of  the  maxilla.  From  the 
front  and  lower  part  of  the  ganglia,  two  large  nerves  pass 
downwards  and  forwards,  close  together  for  some  little  dis- 
tance, and  then  diverging,  each  passes  into  the  mandible  of 
its  own  side.  At  the  base  of  this  nerve  again,  a  minute 
fibre  arises,  as  in  the  case  of  the  nerves  of  the  maxilla  and 
labium,  and  this  was  found  to  pass  into  the  mandible  at  its 
most  proximal  part.  Although  the  distribution  of  the  fine 
fibre  accompanying  the  labial  nerve  could  not  be  traced,  it 
seems  probable  that  it  supplies  the  basal  portion  of  the  la- 
bium ;  and  if  such  should  prove  to  be  the  case,  then  each 
of  the  mouth  appendages  will  be  seen  to  be  supplied  with 
two  nerves,  a  larger  and  a  smaller  one. 

At  present  I  have  been  unable  to  trace  any  nerves  or 
nerve  into  the  lingua. 

The  stomato-gastric  nerves,  as  stated  above,  arise  by  two 
roots,  one  from  each  oesophageal  commissure,  which  unite 
in  the  frontal  ganglion.  The  single  nervus  recurrens  (fig. 
4l  fri)^  passing  back  from  the  frontal  ganglion  (figs.  1  and 
%  f  g,\  runs  along  the  oesophagus  under  the  brain,  and  is 
connected  with  the  stomato-gastric  ganglia,  situated  at  the 
back  of  the  brain.  The  most  successful  dissection  of  these 
ganglia  which  I  have  been  able  to  make  is  represented  in 
fig.  4,  but  this  has  been  verified  by  several  other  preparations. 
It  will  be  seen  that  the  nervus  recurrens  becomes  much 
thickened  at  the  point  where  it  joins,  on  each  side,  a  short 
stem  connected  with  the  hinder  end  of  an  elongated,  some- 
what spindle-shaped,  ganglion.  Each  of  these  ganglia  is 
connected  posteriorly  with  a  second  oval  ganglion,  and  ante- 
riorly a  short  bundle  of  fibres  connects  it  with  the  back  part 
of  the  brain.  In  one  or  two  dissections  I  could  trace  these 
nerves  some  little  way  under  the  back  of  the  brain,  but 
failed  to  convince  myself  as  to  whether  they  joined  the  brain 
or  not ;  however,  in  another  dissection  of  a  very  large  cock- 
roach, these  nerves  could  be  seen  joining  the  back  of  the 
brain  well  underneath,  but  no  nerve  could  be  traced  passing 
forward  from  this  point.  Nervous  filaments  are  given  off 
from  the  posterior  pair  of  ganglia ;  and  in  another  prepara- 
tion fibres  were  seen  to  be  given  off  from  the  anterior  pair 
also. 

In  the  l^hynx  moth,  according  to  Newport  ('  Phil.  Trans./ 
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1834),  these  stomatcgastric  ganglia  ate  ^^J^^JJPjf  ^^^^^ 
brain;    and  Leydig  states  .that  the  .f^.^ if'^ler,  that  this 
Dytiscus.  Flogei  states,  on  t^p  ^uthorUy  of  Ruptt^^^^ 

connection  is  also  found  in  Blatta ;  anJ,^ 

they  are  said  to  send  fibres  to  the  salivary  glands 

Internal  Structure  of  the  Brain, 

The  internal  structures  of  the  brain,  which  are  described 
in  the  following  pages,  have  been  worked  out  chiefly  by 
means  of  series  of  sections,  cut  in  definite  directions,  but 
this  has  to  some  extent  been  supplemented  by  dissections. 
Brains  hardened  in  osmic  acid,  after  the  manner  adopted  by 
Dietl,  were  found  to  be  most  satisfactory,  but  others  hardened 
in  alcohol  and  stained  with  carmine  were  very  useful  for 
comparison.  The  most  instructive  sections  were  those 
which  have  been  called  ^^ frontal  sections;"  that  is,  cut 
as  nearly  as  possible  parallel  with  the  front  surface  of  the 
brain ;  the  first  section  including  portions  of  both  the  hemi- 
spheres and  the  antennary  lobes.  One  brain,  which  had  been 
hardened  in  osmic  acid,  was  cut  in  this  way  into  thirty- 
four  sections,  each  about  the  toW^^  of  an  inch  in  thickness, 
and  from  these  I  was  enabled  to  construct  the  model 
already  alluded  to.  From  this  series  of  section  those  have 
been  selected  for  illustration  which  it  was  thought  would 
best  explain  the  various  structures,  and  will  be  found  repre- 
sented on  Plate  XVI. 

Some  of  the  internal  parts  of  the  insects^  brain  have 
received  difierent  names  from  difierent  authors,  and  hence 
several  names  have  in  some  cases  been  given  to  one  and  the 
same  part.  Dr.  Flogei,  evidently  seeing  the  difficulty  likely 
to  arise  from  this  loose  nomenclature,  has  suggested  certain 
terms  which  might  be  used  by  future  writers  on  the 
subject.  Most  of  these  terms^would,  no  doubt,  have  been  at 
once  adopted  ;  but,  unfortunately,  they  are  given  in  German, 
and  it  would  be  necessary  for  other  than  German  writers 
to  render  them  in  equivalent  terms  of  their  own  language. 
I  would  suggest,  therefore,  that  we  now,  once  for  all, 
latinise  these  terms,  and  thus  obviate  this  difficulty  also. 
The  mass  of  nervous  matter  found  at  the  lower  part 
in  each  hemisphere  (marked  t  in  the  accompanying  figures), 
and  called  by  Flogei  the  "  Balken"  may  be  called  the 
trahecula.  That  peculiar  mass  of  nervous  tissue  passing 
off  from  the  trabecula,  and  ending  abruptly  on  the  front 
of  the  brain,  termed  by  the  same  author  ^'  Vorderhorny* 
would   then   become  the   anterior  comu;    but   this  name 
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cannot  be  adopted^  as  it  is  already  in  use  for  a  region  in 
the  human  brain,  and  would  certainly  lead  to  much  confu- 
sion. I  propose,  therefore,  to  name  this  part  the  cauliculus 
{cau  in  figures).  It  will  be  convenient  to  call  the  hinder 
branch  given  off  from  the  trabecula  (that  is,  the  "  Hinterast  '* 
of  Flogel,  and  the  "  Pilzstetl''  of  Dietl)  the  peduncle  (p.  in 
figures)  in  allusion  to  its  being  the  support  of  the  so-called 
mushroom  body.  It  seems  to  me  undesirable  that  this  latter 
name  should  be  altogether  abandoned,  seeing  that  it  has 
been  much  used,  and  I  propose,  therefore,  that  each  of 
these  structures,  taken  as  a  whole,  be  known  as  a  corpus 
funffiforme,  while  the  inner  trough-like  portion  of  it,  called 
by  Flogel  the  "  Bechert'^  will  become  the  calix ;  as  there  are 
two  of  these  on  each  side,  they  will  be  distinguished  by  the 
prefix  inner  or  outer  {icx.,  ocz.,  in  figures).  And  the 
calicular  cells  may  then  be  distinguished  according  to  the 
portion  they  occupy  in  the  calix.  The  "  Centralkorper''  will 
become  the  corpus  centrale.  I  should  prefer  to  retain  the 
name  of  antennary  lobe  for  that  part  from  which  the 
antennary  nerve  passes  off,  until  we  are  more  perfectly 
acquainted  with  the  functions  of  the  antennae. 

It  is  proposed,  in  the  first  place,  to  describe  in  a  general 
way  the  series  of  sections,  and  afterwards  to  consider  each 
part  separately. 

The  first  section  consists  very  largely  of  the  cortical  cells 
of  the  hemispheres,  but  includes  a  portion  of  one  of  the 
antennary  lobes.  At  the  upper  part  on  each  side  is  tlie 
rounded  end  of  the  cauliculus.  In  section  No.  2  (fig.  6), 
the  cauliculus y  which  is  strongly  curved,  occupies  a  large 
portion  of  each  hemisphere;  it  is  sharply  defined  from  the 
surrounding  part«,  more  especially  from  the  mass  of  cells 
arching  over  it  above,  which  are  coloured  yellow  by  the  osmic 
acid.  Fibres,  arising  from  the  middle  line  of  the  brain,  are 
seen  passing  outwards  and  crossing  the  lower  part  of  the 
cauliculus. 

In  section  No.  3  the  first  traces  of  the  calices  of  the 
corpora  fungiformia  are  seen  as  elongated  patches  above  the 
cauliculus^  and  within  the  cellular  cap.  In  section  No.  4 
the  calices  have  increased  in  size.  In  section  No.  5  the 
trabecula  are  seen  for  the  first  time,  passing  on  each  side 
from  the  lower  end  of  the  cauliculus  downwards  to  the 
middle  line.  In  section  6  (fig.  6)  we  have  the  first  indica- 
tion of  the  peduncle. 

In  the  following  sections  these  processes  increase  in 
size,  while  the  caulicvli  decrease ;  the  calices  also  increase 
and  become  more  and  more  deeply  curved  (fig*  7),  until  in 
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section  13  (fig.  8)  the  peduncles  have  reacbed  and  joined  the 
outer  calix  on  each  side^  the  catdtcultcs  haYin|^''«k|^8t  disap- 
peared. In  section  14  the  peduncles  have  joined  tb%4nner 
calices  alsoj  and  this  connection  is  seen  in  each  section^ 
far  as  the  19th^  the  calices  at  the  same  time  exhibiting  their 
deepest  curvature.  In  section  20  (fig.  9)  the  peduncle  on 
each  side  has  entirely  disappeared,  the  trahecula  alone  being 
seen  in  the  middle  line  below.  In  the  succeeding  sections 
the  trabecula  become  gradually  less,  but  can  be  traced  as 
far  as  the  ^th  section.  Passing  back  from  the  18th  or  19th 
section^  the  calices  get  less  curved  and  smaller,  and  traces  of 
them  are  last  seen  in  the  S5th  section.  The  commissures 
to  the  infra-cesophageal  ganglia  are  reached  in  the  18th 
section^  and  become  larger  and  larger  through  the  remainder 
of  the  series. 

The  Trahecula  vnth  their  Cauliculi  and  Peduncles. — The 
trabecula  in  each  hemisphere  commences  abruptly  in  the 
5th  section,  and  is  seen  extending  from  the  middle  line 
below  (where  it  abuts  upon,  but  apparently  does  not  join,  its 
fellow  of  the  opposite  side)  obliquely  upwards  and  out- 
wards to  join  the  lower  part  of  the  qauliculus  (fig.  6). 
Passing  backwards  the  trahecula  continues  about  the  same 
size  until  it  has  received  the  peduncle,  behind  which  point  it 
gradually  decreases  (fig.  9),  and  is  altogether  lost  before  the 
back  of  the  brain  is  reached  (see  figs.  15  and  17). 

Each  cauliculus  is  a  large  mass  of  nervous  matter,  contin- 
uous with  the  outer  part  of  the  trahecula,  the  junction 
extending  as  far  back  as  the  hinder  part  of  the  peduncle 
(fig.  15).  Seen  from  the  front  it  curves  upwards  and  out- 
wards, presenting  a  convex  surface  inwards,  and  a  concavity 
outwards  (figs.  5,  6,  and  17).  Its  thickness  from  before 
backwards  is  greater  than  it  is  from  side  to  side,  and  conse- 
quently it  presents  an  oval  figure  in  horizontal  sections. 
The  upper  portion  is  truncated  by  being  closely  applied  to 
the  under  surface  of  the  outer  calix,  while  the  inner  convex 
surface  is  closely  overlaid  by  the  inner  calix.  The  line  of 
demarcation  between  the  calices  and  the  cauliculus  is  very 
distinct,  and  there  seems  to  be  no  nervous  connection 
between  them.  Above  and  in  front  this  cauliculus  extends  to 
the  front  surface  of  the  hemisphere,  where  it  appears  to  be 
merely  covered  by  the  thin  investing  membrane  of  the  brain. 

The  peduncle,  or  stem  of  the  corpora  fungiformia,  arises 
from  the  trahecula  by  a  wide  base  extending  from  the  6th 
to  the  SOth  section.  Its  upper  part  is  very  much  smaller 
than  the  cauliculus.  In  a  front  view  the  peduncle  is  seen  to 
continue  upwards  the  curve  of  the  trabecular  and  to  present 
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a  convex  surface  outwards  (figs.  8  and  17).  Quite  towards 
its  upper  end  the  peduncle  divides  into  two  parts^  one  of 
which  jdins  the  outer  (fig.  13)^  and  the  other  the  inner 
calix. 

With  regard  to  the  histology  of  these  structures  I  am  now 
able  to  give  the  following  particulars : — The  upper  part  of 
the  peduncles,  where  they  join  the  calices,  shows  a  most 
definite  fibrous  structure  even  with  a  low  power  of  the 
microscope^  and  this  is  seen  extending  downwards  more  or 
less  distinctly  as  far  as  their  junction  with  the  trabecule. 
The  trabecule  themselves  and  the  caulictdi  present  only  a 
finely  granular  or  dotted  appearance  unless  examined  with  a 
high  power.  Under  a  -^  immersion  both  these  parts  exhibit 
a  fine  reticulation^  the  meshes  of  which  have^  perhaps^  a 
diameter  of  -ro-iiro  ^f  ^^  inch,  but  they  are  extremely  diffi- 
cult to  define.  The  peduncles ,  lyith  the  same  amplification, 
show  a  similar  network,  but  not  quite  so  fine,  and  the 
meshes  are  more  elongated  (fig.  14),  especially  towards  the 
upper  part,  and  it  is  this  which  gives  it  a  fibrous  appear- 
ance* It  is,  in  fact,  a  bundle  of  fibres  which  freely  anas* 
tomose  with  each  other.  The  peculiar  system  of  bent  lines, 
mentioned  by  Flogel,  is  to  be  seen  in  horizontal  or  oblique 
sections,  where  the  cauliculi}om  the  trabecula,  and  in  frontal 
sections  where  the  latter  join  the  peduncles  (figs.  7,  Sp,). 

The  manner  in  which  these  remarkable  nervous  structures 
are  connected  with  the  other  parts  of  the  brain  and  nervous 
system  have  yet  to  be  established,  ^he  only  parts  at 
present  known  to  be  connected  with  them  are  the  corpora 
fungiformia.  The  nervous  fibres  which  surround  them  on 
all  sides  seem  to  be  merely  in  close  apposition,  and  not  to  be 
really  united  with  them.  Towards  the  back  of  the  brain, 
where  the  trabecuke  become  reduced  in  size,  they  also 
become  less  and  less  clearly  separated  from  the  surrounding 
parts,  and  it  seems  possible  that  there  is  some  connection  in 
this  region.  Possibly  some  of  the  fibres  which  extend  down- 
wards from  the^large  cortical  ganglionic  cells  at  the  back  of 
the  brain  (fig.  10)  join  the  tr(wecul<e,  but  I  have  been  unable 
to  trace  any  such  connection.  One  would  naturally  expect 
that  such  large  and  important  parts  of  the  brain,  as  the 
iraiectda  and  its  appendages,  the  cauliculi^  peduncles',  and 
corpora  fungiformiay  would  be  very  obviously  connected  with 
the  rest  of  the  brain,  or,  at  least,  that  we  should  find  fibres 
extending  from  it  into  the  oesophageal  commissures. 

Corpora  fungiformia, — There  are  two  of  these  bodies  in 
each  hemisphere,  an  inner  and  an  outer  one,  both  extending 
from  near  the  front  almost  to  the  back  of  the  brain.     Each 
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of  these  consilts  of  a  caliz  (figs.  15,  16  ocx.y  u;:z;.),and  a  cap- 
like  coTering  of  small  cells.  Each  caiix  is,  perhaps,  best 
described  as  having  the  fojm  of  a  trough,  the  sides  of  which 
are  deepest  in  the  middle  and  much  shallower  towards  the 
ends,*  more  especially  towards  the  front.  The  inner  calix 
is  rather  larger  than  the  outer  one,  and  the  two  are  closely 
applied  to  each  other  and  covered  by  the  mass  of  cells, 
which  forms  one  cap  over  the  pair  of  calices.  The  appear- 
ance presented  by  these  bodies  in  frontal  sections  may  be 
seen  in  figs.  5  to  10,  but  the  general  form  will  be  best  under- 
stood by  reference  to  figs.  15  to  17,  which  represent  those 
parts  in  the  model  already  mentioned.  The  peduncles  are 
connected  with  the  calices  a  little  behind  their  middle 
region,  and  where  this  takes  place  the  calices  have  their 
greatest  depth. 

When  stained  with  osmic  acid  the  calices  become  very 
dark  and  ordinarily  appear  in  sections  to  be  composed  of  small 
dark  bodies,  which,  at  first,  might  be  mistaken  for  cells. 
Their  inner  surfaces,  more  especially  near  the  peduncles 
(fig.  8),  are  covered  with  fine  fibres,  which  run  in  the  direc- 
tion of  the  peduncles.  The  small  cells  which  fill  the  calices 
extend  just  over  their  margins  both  before  and  behind,  as 
well  as  at  the  sides.  They  are  stained  a  bright  yellow 
by  osmic  acid,  and  are  regarded  by  both  Dietl  and  Flogel  as 
being  cells  in  which  the  protoplasm  is  so  reduced  that  the 
nuclei  only  are  visible.  However  this  may  be,  they  certainly 
seem  to  me  to  be  of  quite  a  different  nature  from  the  cortical 
ganglionic  cells,  from  which  they  always  seem  to  be  sharply 
separated.  The  ganglionic  cells,  wherever  they  are  clearly 
shown,  are  seen  to  possess  not  only  a  nucleus,  but  also  a  very 
definite  nucleolus,  whilst  in  the  calicular  cells  I  have  failed 
to  find  any  nucleolus,  even  in  those  larger  ones  which  occupy 
the  base  or  deepest  part  of  each  calix.  Very  fine  dark  fibres 
are  seen  branching  out  and  penetrating  in  between  these 
cells,  enclosing  them,  apparently,  in  a  complete  network. 
Passing  inwards  these  fibres  collect  into  larger  branches, 
and  these  meeting  at  the  walls  of  the  cali^^  form  a  kind  of 
festoons  (fig.  6).  In  the  neighbourhood  of  the  peduncles 
these  branches  may  be  seen  passing  into  the  fibres  of  the 
inner  walls  which  run  down  into  the  peduncles  (figs.  8  and 
12).  Whether  these  fibres  are  wholly  composed  of  nervous 
matter,  or  are  to  some  extent  accompanied  by  connective 
tissue,  it  is  not  easy  to  say. 

When  extremely  thin  sections  are  examined  with  a  high 
power,  the  ultimate  structure  of  the  calicular  walls  still 
icniains  obscure;  but  with  care  one  can  see  that  the  fibres 
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forming  the  inner  part  of  the  wall  anastomose  freely,  so  as 
to  form  a  network  of  broad  fibres,  with  elongated  interspaces 
having  the  appearance  of  cells.  These  fibres  are  intimately 
united  with  a  similar,  but  much  finer,  network,  which 
makes  up  the  greatest  part  of  the  calicular  walls.  In  the 
latter  portion  may  be  seen  rounded  transparent  areas  of  very 
different  sizes,  and  other  irregular  patches  of  a  darker  and 
granular  substance. 

Corpus  centrals, — The  peculiar  laminated  arrrangement  of 
nervous  matter^  described  by  Dietl  in  the  bee  and  mole- 
cricket  as  a  median  commissural  system,  is  called  by  Flogel 
the  central  body.  This  structure  is  not  so  clearly  defined 
in  my  preparation  of  the  cockroach  as  it  is  in  the  two  insects 
just  mentioned.  In  the  series  of  frontal  sections  (34) 
from  which  this  description  is  taken,  the  lamination  of  the 
central  granular  substance  is  first  seen  in  the  thirteenth 
from  the  front  (fig.  8  c).  Here  the  granular  mass  is  indis- 
tinctly divided  into  four  parts,  and  is  surrounded  by 
irregular  cells  and  interlacing  fibres ;  from  the  latter  fibrous 
bands  are  seen  passing  upwards  and  outwards,  some  of 
which  may  be  traced  to  the  optic  nerve.  Below  the 
granular  mass,  the  cells  are  partly  divided  into  groups  by 
dark  fibres  passing  down  among  them.  In  the  ISth 
section  only  a  small  portion  of  the  granular  substance  is  seen, 
while  the  cells  and  fibres  are  more  abundant  and  evident. 
In  the  14th  section  the  granular  substance  is  clearly 
divided  into  six  parts,  which  occupy  nearly  the  whole  width 
between  the  trdbecula.  Below  this  the  cells  are  beginning 
to  give  place  to  granular  matter,  and  this  shows  some  indica- 
tion of  being  divided  into  plates  (fig.  11).  Passing  to 
the  19th  and  20th  sections,  we  find  that  in  the  upper 
portion  the  divisions  of  the  granular  mass  have  increased 
in  number  to  twelve  or  fourteen,  these  divisions,  however, 
are  not  so  clearly  marked  off  as  in  the  more  anterior  sections. 
Above  this  there  is  a  row  of  very  transparent  cells,  and 
below  there  is  little  else  than  granular  matter  and  fibres, 
from  among  which  dark  branches  pass  upwards,  and 
dividing,  separate  the  granular  matter  into  its  laminae.  In 
this  region  fibres  are  seen  passing  off  from  the  sides  of  the 
corpus  centrale,  and  arching  over  the  now  reduced  trabe- 
cuise,  extend  in  the  direction  of  the  oesophageal  commissures. 
The  divisions  of  the  granular  matter  are  still  to  be  traced 
in  the  22in\  and  23rd  sections,  and  continue  to  occupy 
as  great  a  width;  notwithstanding  this,  the  granular 
matter  has  almost  entirely  given  place  to  cells  in  the  24th 
section.     Throughout  its  length,  the  upper  surface  of  the 
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corptM  centrale  is  intimately  connected  by  a  network  of 
fibres  with  the  large  mass  of  the  ganglionic  cells  lying 
above  them.  But  here^  again^  it  is  probable  that  connective 
tissue  combines  with  the  nervous  tissue  to  produce  the 
appearance  presented  by  their  sections.  When  the  thinnest 
sections  of  the  corptM  centrale  are  very  highly  magnified,  the 
fibres  from  the  surrounding  cells  may  be  seen  collecting 
together  and  forming  the  partitions  which  give  this  body 
its  laminated  appearance.  These  partitions  seem  to  be 
intimately  connected  with  the  enclosed  granular  matter, 
which  itself  gives  evidence  of  being  made  up  of  a  network 
of  fibres ;  but  this  was  not  clearly  shown. 

With  regard  to  the  general  form  of  the  corpus  centrale,  if 
we  restrict  this  term  to  the  laminated  granular  matter,  it 
will  be  obvious,  from  what  has  been  said  above,  that  it  has  a 
broad  truncated  hinder  end,  and  diminishes  in  size  towards 
the  front,  the  number  of  the  laminae  gradually  increasing 
firom  before  backwards.  In  frontal  sections  the  upper  surface 
is  convex.  The  form  of  the  lower  surface  will  be  best  under- 
stood by  reference  to  the  figures  (8,  11,  9).  Anteriorly,  it 
passes  gradually  into  the  cells  lying  below,  which  fill  up 
the  space  between  the  trabeculee.  Posteriorly  the  granular 
substance  occunies  the  whole  of  this  space,  and  is,  there- 
fore, pointed  below.     The  sides  are  rounded. 

I  find  that  FlogeVs  description  of  the  central  body  does 
not  agree  with  my  own  observations,  as  given  above ;  but 
this,  to  some  extent  at  least,  is  due  to  our  sections  not 
being  in  precisely  the  same  plane,  and  partly,  perhaps,  to 
our  not  including  in  the  description  exactly  the  same  parts. 
With  regard  to  the  number  of  the  laminae  (Flogel  mentions 
eight),  my  specimens  show  most  clearly  an  increase  in 
number,  from  oefore  backwards,  as  above  described. 

Optic  ganglion. — I  have  not  jet  had  the  opportunity  of 
working  out  the  structure  of  this  complicated  apparatus  so 
fully  as  it  deserves,  and  can  only  in  the  present  paper  give 
the  following  brief  description.  Horizontal  sections  show 
two  lenticular  bodies  placed  obliquely  and  surrounded  by  a 
thick  layer  of  cells.  The  nerve  fibres  passing  from  the 
front  and  back  parts  of  the  eye  cross  before  entering  the 
first  and  smallest  lenticular  body;  they  cross  again  on 
leaving  it,  and  before  entering  the  second  and  larger  lenti- 
cular body.  Between  the  latter  and  the  brain  the  fibres 
cross  for  the  third  time.  After  entering  the  hemispheres 
some  of  the  fibres  may  be  seen  passing  forwards  into  the 
mass  of  cells  lying  in  front  of  the  corpus  centrale  /  while 
there   are  indications  of  others   passing  across  near   the 
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back  of  the  brain  to  join  similar  fibres  from  the  opposite 
side. 

Antennary  lobes. — These  are  large  in  the  cockroach,  and 
in  sections  present  very  much  the  same  structure  as  Dietl 
has  described  in  the  bee.  .  In  whatever  direction  they  are 
cut  they  present  the  appearance  of  being  composed  of  a 
number  of  large  cell-like  bodies^  with  fibres  passing  in 
between  them  in  every  direction^  the  whole  being  surrounded 
by  a  layer  of  large  ganglionic  cells.  The  interior  cell-like 
bodies  are  found  throughout  the  mass  of  the  antennary 
lobe  in  the  cockroach,  whilst  in  the  bee  they  are  confined 
to  the  periphery.  When  examined  more  closely  the  large 
cell-like  bodies  are  found  not  to  be  cells,  but  to  be  made 
up  of  a  delicate  network  of  fibres,  as  described  by  Dietl 
and  Flogel.  It  was  only  with  a  hiffh  magnifying  power 
(-^  immersion)  that  this  network  could  be  traced,  and  then 
it  was  by  no  means  distinct ;  the  interspaces  still  appeared 

franular,  with  minute  translucent  spots.  The  spaces 
etween  the  rounded  bodies  are  seen  to  contain  cells  as  well 
as  fibres ;  indeed,  it  may  be  said  that  the  cortical  ganglionic 
cells  extend  into  the  interior  of  the  lobe.  The  fibres  anas- 
tomose with  each  other,  and  are  continuous,  on  the  one 
hand,  with  the  fine  network  of  the  rounded  bodies,  and,  on 
the  other,  with  the  antennary  and  commissural  nerve-fibres. 
The  ultimate  structure  of  these  rounded  bodies  is  very 
similar  to  that  of  the  calices,  but  it  is  coarser,  and  many  of 
the  transparent  spaces  are  much  larger. 

From  the  inner  side  of  the  antennary  lobe  fibres  are  given 
off,  which  pass  under  the  trabect$l<e,  and  unite  with  similar 
fibres  from  the  opposite  side.  Posteriorly,  this  lobe  is  con- 
nected with  the  oesophageal  commissure,  and  certain  fibres 
may  be  traced  inwards  to  the  cells  around  the  corpus 
centrale. 

Just  below  the  antennary  lobe,  and  in  the  oesophageal 
commissures,  close  to  the  spot  where  the  nerve  to  the  frontal 
ganglion  arises,  there  is  a  small  rounded  body,  composed  of 
dots  of  ffranular  matter,  not  unlike  that  of  the  calices. 
This  body  seems  to  be  the  homologue  of  a  similar 
structure  in  the  mole-cricket  described  by  Dietl.  I 
have  not  been  able  to  trace  its  relations  to  the  surrounding 
parts. 

Cortical  ganglionic  c^ff^.— The  brain  is  almost  surrounded 
by  these  large  cells,  excepting  above,  in  the  region  occupied 
by  the  corpora  fungiformia,  and,  probably,  they  do  not 
extend  over  the  cauliculi.  These  ganglionic  nucleated  cells 
vary  much  in  size,  some  of  them  being  very  large,  and  they 
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are  not  stained  so  bright  a  yellow  by  the  osmic  acid  as  the 
cells  of  the  corpora  fungiformia. 

These  ganglionic  cells  are  very  numerous  at  the  back  of 
the  brain  (fig.  10),  they  extend  inwards  between  the 
corpora  fungiformia  and  the  so-called  primary  lobe;  they 
fill  the  median  groove  above  the  corpus  centrale  (figs.  5  to 
10) ;  they  are  found  in  abundance  in  the  angles  and  spaces 
between  the  antennary  lobes  and  the  rest  of  the  brain  ;  and, 
as  already  mentioned,  they  form  a  thick  layer  over  the  optic 
ganglion. 

These  cells  appear  to  be  surrounded  by  connective  tissue, 
which  also  seems  to  form  a  large  part  of  the  fibrous 
bands,  seen  passing  ofi^  from  them,  especially  at  the  back 
part  of  the  brain  (fig.  10),  but  at  the  same  time  the 
granular  cell  contents  may  be  seen  in  some  instance,  ex- 
tending into  the  fibres  (fig.  13).  These  fibres  at  the  back 
of  the  brain  (fig.  10)  pass  downwards  almost  vertically  to  the 
region  of  the  trabectdte  and  then  turn  outwards.  The  cells 
of  the  median  sulcus  are  connected,  as  we  have  seen,  with 
the  fibres  and  cells  of  the  corpus  centrale,  and  just  in  front 
of  the  trabecules  large  fibres  pass  down  in  the  middle  line 
into  a  peculiar  fan-like  arrangement  of  cells  found  on  the 
base  of  the  brain  in  this  region. 


The  Microphytes  which  have  been  found  in  the  Blood  and  their 
EEiiATioN  to  Disease.^  By  Timothy  Eichabds  Lewis,  M.B., 
Surgeon,  Army  Medical  Department;  Fellow  of  the  Calcutta 
University.     (With  Plate  XVII.) 

Before  entering  on  a  minute  description  of  the  microscopic 
organisms  found  in  the  blood  which  are  more  allied  to  plants 
than  to  animals,  it  will  be  advantageous  to  consider  to  what 
special  subdivisions  of  the  vegetable  kingdom  these  bodies  seem 
to  belong.  No  small  amount  of  confusion  has  arisen  from  want 
of  a  clear  knowledge  of  this  point,  especially  on  the  part  of 
strictly  medical  writers  who  have  discussed  the  subject  of  the 
connection  of  disease  with  vegetable  parasites.  Nageli,  in  his 
remarkably  suggestive  work,^  recently  published,  has  placed  this 

1  Forms  Fart  I  of  the  Memoir  on  the  Microzoa  and  Miciophytea  of  the 


Blood,  which  appears  as  an  Ap]>eDdix  to  the  '  Fourteenth  Annual  Report 
f  the  Sanitary  CJommissioners  witli  the  Government  of  India.' — [Ed.] 
^  '  Die  Nied,eren  Filze  in  ihren  Beziehungen  zu  den  Infectionskiankheiten 
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matter  in  a  very  clear  lights  and^  being  an  authority  of  the  first 
rank,  especially  on  the  botanical  phase  of  the  subject  which 
forms  the  text  of  this  paper,  his  statements  on  this  particular 
point  are  worthy  of  exceptional  attention.  The  forms  of  plant- 
life  which  have  been  recognised  as  having  been  more  or  less 
closely  associated  with  changes  in  living  animal  substances  are 
the  lower  kinds  of  fungi.  These  Nageli  separates  into  three 
groups :  (1)  MouldSj  characterised  by  branched,  segmented,  or 
nnsegmented  filaments ;  (^)  Sprouting  fungi,  yeast  ceils  of  various 
kinds,  consisting  of  more  or  less  oval  corpuscles,  which  multiply 
by  means  of  sprouts  from  their  surfaces ;  and  (3)  deft-fungi  or 
Sckizam^ceien — minute  spherical  or  oval  bodies,  which  are  multi- 
plied by  fission  only,  and  which  sometimes  remain  isolated,  at 
others  form  unbranched  rows  (rods,  threads,  &c.),  but  only  occa- 
sionally present  a  cubiform  aspect.  To  this  group  the  bacterium^ 
vibrio,  vibrio-bacillus,  spirillum,  &c.,  belong. 

Nageli  writes :  '^  I  have  separated  the  lower  forms  of  fungi 
into  three  groups.  On  account  of  many  practical  questions  it  is 
of  importance  to  know  whether  specific  differences  really  exist,  or 
whether  we  have  to  do  with  the  same  species  under  different 
conditions,  it  being  possible  that  different  fungi  possessed  a 
'mould,'  a  'sprout,'  or  a  'cleft'  form.  This  is  a  subject  which 
has  formed  the  subject  of  debate  during  the  l^t  sixteen  years, 
and  many  observations  have  been  recorded  for  the  purpose  of 
showing  that,  as  a  result  of  cultivation  experiments,  the  most 
opposite  forms  have  been  seen  to  pass  from  one  into  the  other." 
With  reference  to  this  point  Nageli  forcibly  points  out  the  falla- 
cies to  which  men  are  liable  in  drawing  conclusions  from  cultiva- 
tion experiments,  and  says  that,  in  many  respects,  it  would  be  as 
rational  for  the  husbandman  to  assert  that  the  weeds  in  his  field 
were  the  result  of  transformations  which  the  seed  of  wheat  pre- 
viously sown  had  undergone.  No  one  would  believe  such  a  state- 
ment, for  the  seeds  of  weeds  are  larg^  enough  to  be  easily  recog- 
nised, whereas  the  germs  of  fungi  are  of  microscopic  dimensions 
— those  of  the  scAizomycetes  often  barely  distinguishable  with  the 
highest  powers ;  hence  the  assertions  which  have  been  made 
regarding  the  transition  of  such  minute  organisms  cannot  easily 
be  controlled.  "  Moreover,"  adds  Nageli,  *'  the  rapid  and  super- 
ficial observer  has  a  marked  advantage ;  the  conclusions  which  he 
has  arrived  at  as  the  result  of  a  so-called  uncontaminated  cul- 
tivation [ReinAultur']  of  a  single  week's  duration  may  require 
years  of  labour  on  the  part  of  the  thoroughly  competent  observer 
to  disprove." 

This  question  has  of  late  vears  been  investigated  by  manv  dis- 
tinguished savants,  notably  by  Professor  de  Bary,  of  Strasburg. 
Hq  has  shown  that  a  fungus  undergoes  but  a  very  limited  and 
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well-defined  range  of  changes.  Nageli^  as  the  result  of  his  own 
observations^  declares  that^  of  the  three  groups  of  fungi  above 
referred  to,  the  "  mould"  and  "  sprout"  fungi  are  closely  related, 
but  that,  with  one  exception,  they  have  not  yet  been  seen  to  pass 
from  one  form  into  the  other.  The  exception  consists  in  the  cir- 
cumstance that  a  certain  species  of  mucor  (a  mould)  has  been 
observed  to  present  the  two  forms  of  vegetation — ^the  filamentous 
and  the  sprouting.  Fission-fungi,  however,  do  not  stand  in  any 
genetic  relation  to  either  of  the  other  two  groups,  for  they 
-neither  give  rise  to  other  fungal  forms  nor  originate  from  them; 
hence  it  is  distinctly  laid  down  that  they  do  not  germinate.  In 
this  it  would  appear  that  Nageli  and  de  Bary  are  completely  in 
accord.  Nagcdi  states  that  it  is  comparatively  easy  to  demon- 
strate that  the  "  fission'^  group  of  fungi  are  not  transformed  into 
other  groups,  from  the  circumstance  tnat  members  of  the  latter, 
when  present  in  a  solution,  are  killed  at  a  lower  temperature 
than  those  of  the  former.  This  peculiarity,  however,  renders  it 
much  more  difficult  to  show  tnat  other  (the  ''mould'*  and 
"  sprout'')  groups  do  not  give  rise  to  scAizomycetes,  as  it  is  im- 
possible so  to  isolate  the  germs  of  other  fungi  as  to  exclude  this 
group.  Eventually,  however,  he  was  able  to  satisfy  himself  on 
this  point  also  by  first  destroying  by  heat  all  the  fungal  forms  in 
a  nutrient  solution,  and  then  permitting  a  mould  to  extend  its 
filaments  into  it.  In  this  way  he  kept  some  solutions  thus  pre- 
pared for  four  years  with  only  the  '^  mould"  form  of  vegetation 
m  them. 

Of  the  foregoing  three  groups  of  organisms  the  only  one 
which  requires  to  be  dealt  with  here  is  the  third — the  scAizomy- 
eetet — as  it  is  only  the  various  forms  of  this  group  of  the  fungal 
family  which  have  hitherto  been  unequivocally  found  in  the 
blood. 

Another  distinguished  botanist.  Professor  Cohn  of  Breslau, 
has  also  paid  much  attention  to  these  low  forms  of  life,  and  has 
recently  devised  a  new  system  of  classification  for  them,  taking 
as  his  starting-point  the  dictum  that  the  seAizomyceUs  are  more 
closely  related  to  algtB  than  to  fungi,  and  suggests,  therefore,  the 
term  scAizopAyta  for  the  family,  in  place  of  the  name  given  by 
Nageli,  which  has  been  in  general  use  hitherto.  Cohn  has, 
moreover,  advanced  the  supposed  differences  in  physiological 
properties  manifested  by  some  of  these  low  growths  as  sufficient 
grounds  for  assigning  to  them  specific  designations.  In  doing 
this  Nageli  says  Cohn  has  given  expression  to  a  generally  enter- 
tained opinion,  and  one  especially  affected  by  the  medical  pro- 
fession ;  but  he  (Nageli)  is  unacquainted  with  any  facts  in 
support  of  such  a  view.  "I  have,"  he  writes,  "during  the 
last  ten  years  examined  some  thousands  of  different  forms  of 
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fission-yeast  cells^  but  (exclading  sarcina)  I  coald  not  assert 
that  there  was  any  necessity  to  separate  them  into  even  two 
specific  kinds/'^  On  the  other  hand,  there  is  not  sufficient 
evidence  to  show  that  all  the  forms  constitute  in  reality  bat  one 
species.* 

Notwithstanding  the  circumstances  that  the  schizamyeetes 
assume,  within  certain  limits,  such  different  aspects  (and  the 
experience  of  such  an  authority  as  Nageli  on  such  a  matter  as 
this  cannot  be  lightly  set  aside),  it  is,  nevertheless,  convenient, 
irrespective  of  any  particular  theories,  that  terms  should  be 
adopted  which  will  suffice  to  distinguish  the  leading  forms. 

Dujardin  suggested  three  terms  for  the  group  :  (1)  bacierium, 
(2)  vibrio,  and  (S)  spirillum.  Notwithstanding  the  great  advance 
which  has  been  made  in  our  knowledge  of  these  organisms  since 
the  date  of  Dujardin's  classification,  there  still  remains  very  much 
to  be  done  before  anything  like  a  satisfactory  settlement  of  the 
matter  can  be  accomplished.     It  will,  therefore,  perhaps  he 


Fig.  1.— Yan'oas  forms  of  fission-fun^ — SeAizomyeeies.  a,  Bpherioal  bac- 
teria {BaeieriuM  puncium) ;  b.  Elongated  bacteria  (BMeierium  termo) ; 
c,  Vibriona ;  d,  Bacilli ;  b.  Spirilla,     x  600  diam. 

better  for  the  present  to  accept  these  simple  terms,  especially 
as,  with  very  tnfling  modifications,  they  are  sufficient  to  indicate 
all  the  forms  which  have  hitherto  been  found  in  the  blood.  The 
following  brief  description  will  suffice  to  explain  what  forms  of 
thiis  group  of  organisms  are  comprehended  by  the  terms  adopted  : 
1,  Spherical  bacteria — minute,  vitalised  bodies,  barely  visible  with 
the  highest  powers  (fig.  1,  a);  2,  Elongated  bacteriar—^Hmwi 
equally  minute  cylindrical  rods  (fig.  1,  b)  ;  8,  Fibrionei — short, 
undulating  filaments  manifesting  somewhat  screw-like  movements 
(fig.  1,  c) ;  4,  Bacilli,  or  Fibrio- bacilli — fine,  short  filaments, 
indistinctly  jointed,  which,  when  they  attain  considerable  length, 
are  sometimes  described  as  leptothrix  filaments  (fig.  1,  d)  ;  5, 

*  Op.  cit.,  p.  20. 

'  Op.  cit.,  p.  23.    Also  A.  de  Bary,  'Ueber  Schimmel  and  Hefe/  1869. 
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Spirilla — fine^  more  or  less  flexible,  spiral  filaments^  which 
manifest  well-marked  screw-like  movements  (fig.  1,  e.). 

It  may  be  mentioned,  in  passing,  that  examples  of  each  of 
these  forms  may  commonly  be  detected  in  the  mnco-salivary  fluid 
from  the  mouth  of  healthy  persons. 

The  question  which  naturally  suggests  itself  now  is  :  Under 
what  condition  are  organisms  of  this  character  found  in  the  blood  ? 
M.  Pasteur  states  that  the  blood  in  health  is  absolutely  free  from 
anything  of  the  kind.  His  words  are  :  ''  Le  sang  d'on  animal 
en  pleine  sant^  ne  renferme  jamais  d^organismes  microscc^iqnes 
ni  leurs  germes."^  Dr.  Beale,  on  the  other  hand,  says, ''  The 
higher  life  is,  I  think,  interpenetrated,  as  it  were,  by  the  lowest 
life.  Probably  there  is  not  a  tissue  in  which  these  germs  are 
not ;  nor  is  tliHS  Uood  of  man  free  from  them.'''  It  may  appear 
strange  that  the  satisfactory  settlement  of  a  question,  apparently 
so  very  simple,  should  hitherto  have  proved  impossible,  and  that 
many  eminent  observers  should  have  arrived  at  opposite  conclu- 
sions regarding  it.  It  may  be  that  to  a  certain  extent  both 
classes  of  observers  are  in  the  right,  for  if,  as  is  not  uncommonly 
affirmed,  very  many  of  these  extremely  minute  organisms  con- 
stantly find  their  wav  into  the  circulation  through  me  lungs  and 
pass  through  the  walls  of  the  intestinal  tract  along  with  the  food 
(that  bacteria  pass  with  fluids  through  a  membranous  septum  is 
a  well-ascertained  fact,  as  also  that  they  will  pass  through  porous 
earthenware  and  other  filtering  media),  it  is  very  certain  that 
their  existence  in  the  plasma  of  healthy  blood  is  of  comparatively 
short  duration. 

This  point  has  been  definitely  settled  as  the  result  of  observa- 
tion by  many  pathologists,  and  Dr.  Douglas  Cunningham  and 
myself  were,  some  years  ago,  able  to  satisfy  ourselves  that  bacteria, 
vibrioneej  bacilli^  and  so  lorth,  very  speedily  disappear  from  the 
liquor  sanguinis,  even  when  introduced  into  it  during  life  in 
considerable  numbers.  Out  of  forty-nine  experiments  which 
were  conducted  by  us  with  a  view  of  clearing  up  this  matter, 
twelve  of  the  animals  were  examined  within  six  hours  of  the 
organisms  being  injected  into  the  veins,  and  bacteria,  &c.,  were 
found  to  be  present  in  seven,  or  at  the  rate  of  about  58  per 
cent.  ;  and  out  of  thirty  examined  within  twenty-four  hours, 
their  presence  was  detected  in  fourteen,  or  47  per  cent. ;  whereas 
in  nineteen  specimens  of  blood  derived  from  animals  which  had 
been  inoculated  in  this  manner  from  two  to  seven  days  previously, 
these  bodies  could  only  be  detected  in  two  of  them,  or  a  little 
over  10  per  cent.,  just  6  per  cent,  higher  than  we  had  observed 
to  be  the  case  out  of  a  number  of  ordinary  preparations  of 

»  'Comptes  Rendus,'  t.  Ixxxv,  p.  108;  16th  July,  1877. 
«  'Disease  Germs,'  1870,  p.  64. 
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healthv  blood  which  we  had  examined.^  It  is  however^  obvions 
that  thoagh  it  is  possible  that  the  blood  may  be  constantly 
replenished  with  a  greater  or  less  number  of  these  organisms,  yet 
they  do  not  accamolate  to  any  great  extent  therein,  and  it  may 
be  safely  affirmed  that  their  presence  in  appreciable  numbers  is, 
judging  from  experience,  incompatible  with  a  state  of  perfect 
health.  It  will  hereafter  be  seen  that  the  same  remarks  does 
not  hold  good  as  regards  parasites  of,  apparently,  animal  nature. 

It  may  be  affirmed,  further,  that  in  certain  diseased  conditions 
microphytes  are  very  generally  present,  though  perhaps  not 
invariably,  nor  is  their  number  coincident  with  the  gravity  of  the 
malady.  Omitting  the  cases  in  which  these  organisms  have  been 
found  associated  with  disease  in  insects  (on  account  of  the  diffi- 
culty of  isolating  and  clearly  identifying  such  organisms  as  are 
found  in  the  blood  in  these  cases  from  those  found  in  the  tissues 
generally),  it  may  be  stated  that  it  has  been  clearly  established 
that  one  or  other  of  the  forms  of  fission-fungi  have  been  found  in 
the  blood  in  two  diseases,  viz.  in  charbon^  tnal  de  rate  or  splenic 
/ever,  and  in  recurrent  fever.  M.  Pasteur  has  recently  main- 
tained that  a  third  should  be  added  to  the  list — septicamia  ;  and, 
still  more  recently,  a  fourth  has  been  added  by  Dr.  Klein, 
namely,  the  disease  commonly  known  as  '*  U/phoid  fever  ^^  of 
the  pig. 

These  matters  have,  during  the  last  few  years,  received  great 
attention  from  thoughtful  members  of  the  meidical  profession,  and 
probably  at  the  present  time  no  subject  of  a  scientific  character  is 
being  more  closely  investigated. 

The  importance  of  thoroughly  sifting  the  evidence  on  which  the 
interpretations  which  have  been  placed  on  the  significance  of  such 
oi^anismsin  the  blood  can  scarcely  be  over-rated,  seeing  that,  should 
the  view  now  commonly  advanced,  prove  to  be  correct,  the  theory 
and  practice  of  medicine  would  be  radically  affected  and,  possibly, 
the  future  action  of  the  State  with  regard  to  disease  be  materially 
modified.  Before  making  an  attempt  to  institute  such  an  exami- 
nation, it  may  be  well  to  refer  briefly  to  the  more  salient  circum- 
stances which  have  conduced  to  make  the  present  doctrine  of  the 
causative  relation  to  disease  of  these  low  forms  of  plant-life  so 
attractive  to  botanists  and  to  the  medical  profession.  ''The 
foundations  of  the  germ  theory  of  disease  in  its  most  commonly 
accepted  form,'^  writes  Dr.  Charlton  Bastian,' "  were  laid  in  1836 

>  Cholera :  "  A  Report  of  Microscopical  and  Physiological  Researches," 
Series,  I,  Appendix  A, '  Eighth  Annual  Report  of  the  Sanitary  Commis- 
sioner with  tlie  Government  of  India,'  1872. 

>  Paper  read  before  the  Pathological  Society  of  London,  April  6th,  1875. 
<  Lancet/  vol.  i,  p.  601, 1875.  '  British  Medical  Journal/  vol.  i,  p.  469, 
1875. 
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and  shortly  afterwards.  The  discovery  at  this  time  of  the  yeasit- 
plant  by  Schwann  and  Cagniard-Latour  soon  led  to  the  more 
general  recognition  of  the  almost  constant  association  of  certain 
low  organisms  with  different  kinds  of  fermentations.  But  it  was 
not  till  twenty  years  afterwards  that  Pasteur  announced,  as  the 
result  of  his  apparently  conclusive  researches,  that  low  organisms 
acted  as  the  invariable  causes  of  fermentations  and  putrefactions ; 
that  such  changes,  in  fact,  though  chemical  processes,  were  only 
capable  of  being  initiated  by  the  agency  of  living  units.''  These 
observations  and  the  interpretations  applied  to  them  very  rapidly 
caught  the  ear  of  the  medical  profession,  as  from  a  very  early 
period  in  the  history  of  medicine  the  supposition  that  disease  was 
iropagated  by  means  of  a  ferment— a  leaven — had  taken  a  firm 
old.  Previous  to  the  publication  of  M.  Pasteur's  observations, 
a  physico-chemical  theory  had  been  almost  universally  acknow- 
ledged as  sufficiently  explanatory  of  the  phenomena  manifested 
by  certain  classes  of  disease.  This  was  notably  the  case  with 
regard  to  the  fermentation-doctrine  of  Liebig,  a  doctrine  the 
truth  of  which  he  strongly  advocated  until  the  day  of  his  death 
in  1873,  and  which,  somewhat  modified  as  a  result  of  later 
researches,  is  still  upheld  by  some  of  the  most  eminent  chemists 
of  our  own  time. 

The  leading  features  the  "  vital"  and  the  *'  physico-chemical  '* 
theories  of  fermentation^  have  recently  been  lucidly  summarised 
by  Mr.  G.  T.  Kingzett  in  a  paper  read  before  the  Society  of 
Arts.'  With  regard  to  the  first  of  these  views  and  in  illustration 
of  them  this  chemist  remarks :  ''  When  a  solution  of  sugar  is 
exposed  to  the  action  of  healthy  yeast  it  suffers  a  change;  the 
atoms  comprised  in  its  molecules  are  broken  up  and  rearranged 
into  new  forms,  which  are  recognised  as  alcohol  and  carbonic 
dioxide.  Glycerine  and  succinic  acid  are  also  formed  at  the 
expense  of  the  sugar,  but  the  lactic  acid  which  generally  accom- 
panies alcoholic  fermentation  is  considered  as  proved  to  be  due  to 
the  presence  of  a  ferment  distinct  from,  but  accompanying,  the 

>  *  Certain  organic  compounds,  when  exposed  to  the  action  of  air,  water, 
and  a  certain  temperature,  undergo  decomposition,  consisting  either  in  a 
slow  combustion  oroxidation  by  the  surrounding  air,  or  in  a  new  arrange- 
ment of  the  elements  of  the  compound  in  different  proportions  (often  with 
assimilation  of  the  elements  of  water),  and  the  consequent  formation  of  new 
products.  The  former  process,  that  of  slow  combustion,  is  called  Erema' 
ecnuit  or  Decay  ;  the  latter  is  called  Fuirefaction  or  FermetUation-^putre' 

factum  when  it  is  accompanied  by  an  offensive  oAoxit,  fermentation  when  no 
such  odour  is  evolved,  and  especially  if  the  process  results  in  the  formation 
of  useful  products ;  thus,  the  decomposition  of  a  dead  body,  or  of  a  quantity 
of  blood  or  urine,  is  putrefaction ;  that  of  grape-juice  or  malt-wort,  which 
yields  alcohol,  is  fermentation/ — *  Watt's  Dictionary  of  Chemistry,'  vol.  ii, 
p.  624,  1872. 

>  'Journal  of  the  Society  of  ArU,'  March,  1878. 
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yeast.  .  .  •  The  fermentation  alluded  to  is  regarded  as  a 
particular  instance  of  a  biological  reaction^  manifesting  itself  as 
the  result  of  a  special  force  residing  in  organisms  ;  or^  in  other 
words^  fermentation  is  essentially  a  correlative  phenomenon  of  a 
vital  act,  beginning  and  ending  with  it.  On  this  hypothesis, 
where  there  is  fermentation  there  is  organisation,  development, 
and  multiplication  of  the  globules  of  the  ferment  itself.  The 
instance  quoted  above  is  by  no  means  solitary ;  it  is  exemplary 
of  many  other  changes,  induced  by  the  same  or  other  fermented 
matters  in  media  suitable  for  their  growth  and  reproduction. 
Thus,  we  have  mannitic,  lactic,  ammoniacal,  and  butyric 
fermentations,  besides  many  others,  all  of  them  having  one 
feature  in  common,  viz.  the  reproduction  of  the  ferment.^  It 
has  not  yet,  however,  been  satisfactorily  ascertained-^a  very  essen- 
tial matter  to  be  settled  before  the  foregoing  interpretation  of 
fermentative  processes  can  be  established — that  the  several 
processes  are  the  result  of  the  action  of  specifically  distinct 
growths. 

Baron  Liebig  vigorously  opposed  this  doctrine,  and  Mr. 
Kingzett  suggests,  probably  ignored  the  influence,  of  vital  action 
to  too  great  an  extent ;  aU  that  was  required  in  his  opinion  for 
inducing  the  fermentative  change  was  contact  with  matter  which 
was  itself  undergoing  change.  Mr.  Kingzett  thus  suiids  up  the 
physico-chemical  doctrine  of  fermentation  as  advancea  by 
Liebig: — Mechanical  or  other  motion  exerts  an  influence  on 
the  power  which  determines  the  state  of  a  body.  Thus,  a 
crystal  of  sulphate  of  sodium,  a  speck  of  dust,  or  grain  of 
sand,  when  dropped  into  a  saturated  solution,  say  of  sulphate  of 
sodium,  may  determine  the  entire  crystallisation  of  the  fluid. 
Or,  again,  when  fulminates  ot  silver  and  mercury  are  tickled 
lightly  by  a  feather  or  glass  rod,  they  suddenly  explode  with 
violence.  A  still  better  instance  is  tne  reaction  which  occurs 
between  peroxide  of  hydrogen  and  argentic  oxide  >  these  sub- 
stances, when  mixed,  give  rise  to  the  production  of  metallic 
silver  and  free  oxygen;  the  peroxide  of  hydrogen,  being  un- 
stable, is  constantly  undergoing  decomposition  &om  the  moment 
of  its  formation,  and  this  decomposition  results  in  the  pro- 
duction of  water  and  free  oxygen ;  immediately,  therefore,  that 
this  change  comes  into  contact  with  oxide  of  silver,  it  gives  to 
that  body  the  same  tendency  to  change. 

A. — Tie  Organisms  found  in  the  Blood  in  Splenic  Fever. 

On  the  assumption  that  certain  diseases  which  are  undoubtedly 
communicable  by  inoculation,  and  several  others  commonly  be- 

^  '  Journal  of  the  Society  of  Arts/  March,  1878. 


Digiti 


zed  by  Google 


864  TIMOTHY  RICHARDS  LEWIS. 

lieved  to  be  commanicable  in  other  ways,  are  in  reality  the  result  of 
a  ferment  of  some  kind,  the  various  theories  of  the  causation  of  the 
fe^entive  processes  have  always  proved  an  attractivesubject  of  study 
to  the  more  thinking  section  of  the  medical  profession.  As  already 
stated,  the  physico-chemical  theory  of  Berzelius,  and  subsequently 
of  Liebig  and  his  followers,  was  very  commonly  accepted  as  fairly 
sufficient  in  connection  with  the  etiology  of  disease,  so  long  as 
it  was  favorably  received  by  the  majority  of  the  chemists  of  the 
time;  but  latterly  Schwann's  views,  as  expounded  and  ampli- 
fied  by  Pasteur  and  others,  have  undoubtedly  taken  the  lead. 
Probably  no  single  incident  has  tended  so  much  towards  en- 
listing the  attention  of  the  medical  profession  to  it  than  the  pub- 
lication of  the  experiments  of  M.  Davaine,  which  went  to  show 
that  minute  organisms  were,  to  a  greater  or  less  degree,  constantly 
present  in  the  bodies  of  animals  which  had  died  of  the  disease 
Known  asmalignant  pustulein  man — ^the  ^^Mihhrand'*  of  Grermany ; 
the  *'  cAarbon  "  of  cattle  and  pigs,  and  '^mal  de  rate'^  of  sheep,  in 
Prance.  The  terms  '^splenic  fever'*  or  ^'splenic  apoplexy,'' 
**  anthracoid  disease,"  &c.,  are  commonly  adopted  in  England 
in  describing  the  affection.  Birch-Hirschfeld^  states  that 
the  organisms  found  in  this  affection  were  first  described  by 
Brauell  in  1849  and  by  Pollender  in  1867  ;  but,  undoubtedly, 
it  was  M.  Davaine's  researches  which  were  the  means  of  draw- 
ing serious  public  attention  to  the  matter.  In  August,  1850, 
M.  Davaine,  in  conjunction  with  M.  Bayer,  published  an  account 
of  these  organisms,  describing  them  as  minute  filamentous  bodies, 
motionless,  and  about  double  the  length  of  the  diameter  of  a  red 
blood-corpuscle.  M.  Pasteur^  maintains  that  the  time  just  men- 
tioned represents  the  date  of  the  first  publication  of  the  exist- 
ence of  these  bodies  in  charbon,  but  this  idea  is  manifestly 
erroneous. 

Instigated  thereto  by  the  publication  of  M.  Pasteur's  re- 
searches (which  went  to  show  that  butyric  fermentation  was  not, 
as  believed,  due  to  an  albuminoid  body  in  process  of  spontaneous 
decomposition,  but  to  vibriones,  which  presented  the  greatest 
resemblance  to  the  ''corps  filiformes,"  found  in  the  blood  of 
animals  dying  of  charbon)  M.  Davaine  returned  to  the  subject 
in  1863  and  1864.  The  organisms  were  at  first  considered  by 
M.  Davaine  to  be  bacteria ;  but  finding  in  certain  cases  that 
the  filaments  or  rods  varied  in  length,  he  modified  the  name, 
and  they  have  consequently  been,  until  lately,  commonly  desig- 
nated bacteridia.  At  this  period  it  was  supposed  that  they 
were  more  closely  related  to  animals  than  to  plants.     He  satis- 

»  Schmidt's  •  Jahrbucher/  Band  clxvi,  S.  205,  1876. 

*  '*  Etude  8ur  la  maladie  charhonneuse ;"  par  MM.  Pasteur  et  Joubert. 
•Comptes  Rendus,'  t.  Ixxxiv,  p.  900,  1877. 
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fied  himself  that  thej  were  found  in  the  blood  daring  life; 
that  they  developed  in  this  fluid  and  not  in  the  spleen;  in 
fact^  he  had  been  able  to  transfer  the  organisms  to  animals 
whose  spleen  had  been  removed.  He  also  ascertained  that 
bacteridia  are  not  found  in  foetal  bloody  although  the  blood  of  the 
mother  and  of  the  placenta  was  crowded  with  them.^  The  disease 
was  found  to  be  communicable  with  the  food  by  mixing  with  it 
some  of  the  tissues  of  diseased  animals ;  the  effects  were  less 
rapidly  induced^  but  the  blood  became  equally  affected  with 
bacteridia.  He  refuses  to  accept  the  doctrine  of  identity  of  the 
poison  of  septicemia  and  charbon^  on  the  grounds  (1)  that  the  * 
symptoms  produced  by  inoculating  animals  with  putrefying 
blood  are  not  constantly  the  same,  and  that  bacteridia  do  not 
develop  in  the  circulation  of  the  affected  animal ;  (2)  that  ani- 
mals which  have  swallowed  fragments  of  putrefied  tissue  rarely 
died;  and  (3)  that  animals  which  had  swallowed  fragments  of 
the  fresh  tissue  of  animals  which  had  died  of  septicaemia  had 
been  in  no  way  affected.  He  therefore  concluded  that  the  active 
principle  of  septicaemia  was  not  regenerated  in  the  animal  economy, 
as  in  the  case  of  charbon,  the  latter  in  fact  being  a  virm  and 
the  former  Kpoiaon.^ 

In  the  following  number  of  the  ^  Comptes  Bendus  ^  (p.  429), 
MM.  Davaine  and  Eaimbert  announce  that  they  had  demon- 
strated the  existence  of  bacteridia  in  a  man  affected  with  pustule 
maHgne,  the  excised  pustule  having  contained  a  great  number.' 
Portions  of  this  pustme-tissue  having  being  introduced  beneath 
the  skin  of  some  animals,  the  latter  succumbed,  and  after  death 
their  blood  was  found  to  contain  a  considerable  number  of 
bacteridia. 

Such,  in  a  few  words,  were  the  observations  which  drew  the 
special  attention  of  pathologists  to  this  question,  and  gave 
marked  impetus  to  the  doctrine  of  disease  germs.  Since  this 
time  very  many  observations  have  been  recorded,  but  those  of 
the  past  two  or  three  years  have  been  particularly  valuable  from 
the  circumstance  that  distinct  parts  of  the  suDJect  have  been 
'  taken  up  by  observers  peculiarly  qualified  to  deal  with  the  different 
phases  of  the  extremely  complex  phenomena  which  come  under 

»  *  Comijtes  Rendus/  t.  lix,  p.  393, 1864. 

'  Loo.  cit.,  p.  396.  As  will  eubsequently  be  seen,  some  of  these  conclu- 
sions are  no  longer  tenable. 

"  Dr.  Crisp  writes :  •*  As  I  described  in  my  work  on  the  spleen  (1852), 
dogs,  cats,  ferrets  and  pigs,  that  ate  the  flesh  of  these  animals,  died  in  a 
short  time,  and  men  that  flayed  the  oxen  were  affected.  In  1832  M. 
Barthelemy  inoculated  sheep  from  the  blood  of  sheep  that  died  of  splenic 
apoplexy,  and  the  inoculated  animals  died  in  from  thirty-six  to  sixty  hours." 
— A  footnote  to  the  remarks  made  regarding  the  '  Germ  Tlieory/  at  the 
Pathological  Society,  24th  April,  1875. 
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notice.  Id  tbe  first  fnftanee,  notice  will  be  taken  of  the  princifMl 
obfMTTationj  which  ire  considered  to  give  support  to  MM. 
DsTsine  and  Pastenr's  riews. 

In  1875  Professor  Ferdinand  Cohn  poblished  the  result  of 
his  examinations  of  these  organisms,  and  baring  pronounced 
them  to  be  bacilli,  sn^i^ested  that  thej  should  bear  the  name 
Bacillua  anlhracii.^  This  term  has  been  generally  adopted  in 
Gtfrmanj  and  England,  as,  notwithstanding  the  theory  implied 
io  both  words,  it  is  convenient  to  have  some  such  brief  designa- 
tion.   Cohn's  figure  of  this  bacillus  is  reproduced  (fig.  2),  as  a 


Y\Q,  8. — Baeillut  anihraeU,  obtained,  after  death,  in  the  blood  of  an  ox 
which  had  died  of  splenic  disease.    (After  Cohn.)     x  600  diam. 

graphic  representation  from  the  hand  of  so  accomplished  a  my- 
cologist is  of  special  value,  and  will  serve  to  aid  in  forming  an 
estimate  of  the  relation  of  these  organisms  to  others  found  under 
other,  though  somewhat  similar,' conditions. 

In  1876  an  important  contribution  to  our  knowledge  of  these 
organisms  was  published  by  Dr.  Koch,  of  WoUstein  (Posen), 
who  had  had  excellent  opportunities  of  studying  the  disease.' 
Koch  had  observed  that  several  of  the  statements  and  conclusions 
of  M.  Davaine  had  been  called  in  question.  Some  observers 
had  been  able  to  induce  fatal  charbon  by  inoculating  animals 
with  bacteridial  blood  without  obtaining  any  bacteridia*  in  the 
blood  of  the  animal  thus  affected,  although  the  latter  (bacteridia- 
free)  blood  had  also  induced  the  disease,  and,  moreover, 
given  rise  to  bacteridia  in  the  third  animal,  although  none 
had  been  present  in  the  second.  Others,  again,  maintained  that 
the  disease  was  not  due  solely  to  contagion,  but  was,  somehow, 
dependent  on  the  soil,  seeing  that  the  disease  was  only  endemic 
in  moist,  swampy  districts,  valleys,  and  sea  coasts  ;  and  that  the 
mortality  was  greater  in  rainy  years,  and  especially  during 
August  and  September,  months  in  which  the  temperature  of  the 
soil  reached  its  highest.    These  circumstances  could  not  be  ex- 

I  Cohn's  '  Beitrage  zur  Bioloffie  der  Pflanzen/  Band  i,  Heft.  3, 1875. 
•  Cohn's  'Beitrage/  Band  ii,  Heft.  2. 
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plained  on  Davaine's  supposition  that  the  organisms,  retaining 
their  vitality  for  a  long  time  in  dry  air,  were  conveyed  by  air 
cnrrents,  or  that  inoculation  was  effected  by  insects,  and  so  forth. 
Koch's  experiments  lead  him  to  believe  that  Davaine's  explana- 
tion of  the  mode  of  propagation  of  the  disease  is  only  partially 
correct.  He  found  that  bacteridia-staves  were  not  so  nardy  as 
Davaine  had  supposed.  Blood  which  contains  only  rods  will 
retain  its  property  in  the  dry  state  for  but  a  few  weeks,  and 
when  moist  only  for  a  few  days*  How,  therefore,  could  the 
contagion  remain  dormant  in  the  soil  for  months  and  years  ?  If 
bacteridia  had  anything  to  do  with  the  matter,  it  must  be 
assumed  that  during  some  stages  of  their  development  they  were 
inert,  or  that,  as  Conn  had  suggested,^  resting  spores  were  formed 
which  had  the  power  of  retaining  their  vitality  for  a  long  time, 
and  of  giving  nse  anew  to  bacteridia*  The  existence  of  such 
spores  is  what  Dr.  Koch  believes  he  has  been  able  to  demonstrate. 
As  this  question  is  a  very  important  one,  it  is  necessary  that  the 
evidence  adduced  should  be  submitted  to  careful  examination. 

The  experiments  of  Davaine  and  others  were  repeated,  mice 
having  been  found  to  furnish  the  most  satisfactory  results.  The 
tail  was  seized,  and  a  small  portion  of  its  skin  being  abraded, 
a  drop  of  the  fluid  containing  the  bacilli  was  placed  in  contact 
with  the  small  wound.  Such  inoculations  proved  to  be  invaria- 
'  bly  fatal  when  fresh  material  was  used.  In  order  partly  to 
ascertain  whether  the  bacilli  passed  into  some  other  form 
by  successive  inoculations,  and  also  to  provide  himself  with  a 
constant  supply  of  fresh  material,  he  inoculated  one  mouse  after 
another,  the  last  mouse  supplying  the  material  for  its  successor, 
until  eventually  a  series  of  twenty  inoculations  had  been  con- 
ducted ;  consequently  twenty  crops  of  bacilli  had  been  cultivated 
without  any  marked  change  in  their  character  being  noticeable.' 
The  pathological  results  were  always  of  the  same  character — en- 
larged spleen,  and  motionless,  translucent  bacilli  (&s.  3).  The 
latter  in  mice  were  more  numerous  in  the  spleen  than  in  the 
blood,  but  different  animals  showed  different  results  as  regards 
their  distributioi)  in  the  tissues — the  blood  of  inoculated  rabbits, 
for  example,  being  often  so  free  from  them  as  to  be  traced  with 
difficulty,  though  the  spleen  and  glands  contained  plenty, 
whereas  in  guinea-pigs  the  number  of  bacilli  in  the  blood  was 
often  so  great  as  to  equal,  if  not  exceed,  that  of  the  red  blood- 
corpuscles. 

On  adding  a  little  of  the  spleen  affected  with  bacilli  to  per- 
fectly fresh  aqueous  humour  and  subjecting  the  preparation  to  a 
temperature  of  86-87°  C.  for  from  15  to  20  hours,  the  bacilli 

»  Cohn's  'Beitrage/  Band  i,  Heft.  3. 

*  Davaine  had  conducted  a  Bimilar  series  of  inoculations. 
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became  elongated  to  from  twice  to  eight  times  their  origioal 
length,  and  gradually  still  further  increased,  till  more  than  a 
hundred  times  this  length  (fig.  4).  Some  of  the  filaments  now 
were  finely  granular,  and,  here  and  there,  dotted  with  strongly 


EiG.  3.  Fig.  4. 

Fio.  3. — Bacillus  anihracU  from  the  blood  of  a  gaiDca-pig.  Translucent 
bacillus-rodjs,  undergoing  segmentation.  Blood -corpuscles  are  scat- 
tered throughout  the  field.    (After  Koch.^     x  650  diam. 

Pig.  4. — Bacillus  anihracis  from  the  spleen  or  a  mouse  after  a  three-hour 
'*  cultivation  "  in  a  drop  of  aqueous  humour.  (After  Koch.)  x  650 
diam. 

refractive  molecules,  which  are  believed  to  be  the  desired  ^'  rest- 
ing-spores/'  Very  soon  nothing  remained  visible  but  these 
'  spores/  as  the  filament  appeared  to  undergo  solution,  but  the 
persistence  of  the  arrangement  of  the  former  in  rows  is  suffi- 
ciently marked  to  identify  them.  They  will  remain  unaltered  in 
this  state  for  several  weeks. 

It  will  be  remarked  that  the  interpretation  placed  on  the  cha- 
racter of  these  refringent  bodies  clashes  with  what  is  so  strongly 
maintained  by  Nageli,  who,  as  mentioned  already,  declares  em- 

{^hatically  that  the  group  of  lower  organisms  to  which  these  be- 
ong  multiply  solely  by  fission.  It  is,  therefore,  of  greater  impor- 
tance to  note  precisely  what  the  facts  adduced  are,  to  prove  that 
in  this  special  instance  germinating  spores  are  producea. 

Dr.  Koch  states  that  the  fact  of  his  being  able  to  induce 
splenic  fever,  together  with  a  plentiful  crop  of  bacilli  in  the 
blood,  with  fluid  in  which  not  a  trace  of  bacillus  filament  is 
any  longer  to  be  found — the  minute  refractive  corpuscles 
alone  remaining,  is  proof  sufficient  to  show  that  the  latter 
are   in    reality    spores,    and   not    products    of    disintegration 
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merely.  Caltiyation-experiments  were,  howeTer,  ako  nnder^- 
Ukmy  and  it  was  found  that  in  the  coarse  of  3  to  4  hoars  the 
development  of  these  bodies  coald  be  observed  under  suitable 
conditions.  On  careful  examination  each  ^ spore'  is  seen  to  be 
an  oval-shaped  body  embedded  in  a  translucent  substance  which 
appears  to  surround  the  former  in  a  ring-like  fashion,  but  is 
seen  to  be  in  reality  spherical,  on  being  rolled  over.  This  sub- 
stance loses  its  spherical  form  and  becomes  elongated  at  one 
end  in  the  direction  of  the  long  axis  of  the  contained  '  spore.' 
The  latter  remains  at  one  end,  and  very  soon  the  translucent 
tube  assumes  a  filamentous  aspect  and,  contemporaneously,  the 
'  spore '  becomes  less  refringent,  pale,  and  small,  and  possibly 
breaks  down  into  fragments,  until  it  eventually  disappears  com- 
pletely.^ Dr.  Koch's  figure  (fig.  5),  representing  the  various 
stages  of  the  supposed  germination  process,  is  reproduced. 


O    O 

*^   •  o  o 


Fig.  5.  Fig.  6. 

Fig.  5. — Bacillui  anihraeis:   Germination  of  the    spores  (after  Kocb). 

X  650  diarn. 
Fig.  6. — Bacillui  anlhracis:    Germination  of   the   spores  (after  Cohn). 

X  1650  diam. 

This  interpretation  of  what  occurs  is  made  particularlv  im- 

Eortant  from  the  fact  that  it  has  been  resorted  to  very  lately 
y  M.  Pasteur  to  account  for  the  circumstance  that,  although  it 
has  been  proved,  beyond  all  reasonable  doubt,  that  splenic  fever, 
together  with  blood-bacilli,  may  be  induced  by  inoculation  with 
virus  after  the  total  destruction  of  the  filament-bacillus  which 
the  morbid  material  had  contained,  yet  because  the  '  spores ' 
remained  (it  would  seem  that  they  are  considered  nearly  inde- 
structible) the  virus  had  retained  ii»  property — ^the  *  spores '  in 
fact  being  the  virus. 

Professor  Cohn  favoured  Dr.  Koch  with  a  sketch  of  the  same 
developmental  process  as  seen  under  a  higher  power.  This  figure 
is  also  reproduced  for  purposes  of  comparison.  Koch  suggests 
that  probably  the  '  spore '  consists  of  a  strongly  refractive  sub- 
stance, probably  oil,  which  is  enveloped  by  a  thin  layer  of  jjro- 
toplasm — the  latter  being  the  substance  capable  of  germination, 
and  the  former,  perhaps,  serving  as  nourishment  during  the 
'  Loc.  cit.,  p.  289. 
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germinating  process.  The  foregoing^  according  to  Tarious  writers, 
represents  the  complete  cycle  of  development  undergone  by 
£acillus  anlAracis. 

Davaine>  it  will  be  recollected,  had  found  that  animals  eating 
diseased  tissues  mixed  up  with  their  food  became  themselves 
affected,  and  he  believed  that  the  spread  of  the  disease  could 
thus  to  some  extent  be  easily  accounted  for.  Koch,  on  the  con- 
trary, finds  that  animals  very  susceptible  to  infection  by  inocu- 
lation, such  as  mice  and  rabbits,  may  devour  such  a  mixture  with 
impunity.  Attempts  to  inoculate  two  dogs,  a  partridge,  and  a 
sftorow,  proved  fruitless. 

The  latest  contribution  which  has  been  made  towards  this  in- 
quiry is  from  the  pen  of  Dr.  J.  Gossar  Ewart.^  Dr.  Ewart 
confirms  Dr.  Koch's  experiments  in  many  points,  and  his  descrip- 
tion of  the  development  of  the  rods  into  filaments  [fig.  7,  and 


Fig.  7. — Bacillus  atUhraeit :  Rods  uDdergoing  segmeatation  and  lengthea- 
ing  into  a  filament  (after  Ewart).     x  F  diam. 

fig.  8   (a)]  corresponds  with  that  of  previous  writers ;  but  his 
description  and  figures  of  the  germination  of  the  'spores'  are 


f*iQ.  %,•— Bacillus  authracis :  (a)  A  filament  containing  spores,  becoming 
granular  at  one  end,  and  showing  transverse  lines  between  the  spores ; 
{b)  part  of  a  filament  containing  a  spore  in  process  of  division ;  (c) 
shows  the  different  stages  through  which  a  spore  passes  in  its  develop- 
ment into  a  rod  (after  £) wart),     x  ?  diam. 

totally  different.  "  The  spores,'*  writes  Dr.  Ewart,  ''  when  free, 
according  to  previous  observers,  at  once  grow  into  rods,  and, 
according  to  Dr.  Koch  at  least,  the  rod  is  formed  out  of  a  gela- 
tinous-looking envelope  surrounding  the  spore.     My  observations 

^  '  Quarterly  Journal  of  Microsoopical  Science,'  Aprils  1878,  p.  161. 
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lead  me  to  believe  that  the  spore  does  not  always  at  once  grow 
into  a  rod,  but  that  it  divides  into  four  sporules  by  a  process  of 
division,  in  which  the  envelope  as  well  as  the  spore  takes  part. 
This  division  I  have  seen  banning  before  the  spore  escaped 
from  the  filament  [fig.  8  (b)],  and  that  it  is  not  a  degeneration 
is  certain,  for  I  have  watched  the  sporules  thas  formed  lengthen 
into  rods  [fig.  8,  (c)].  Dr.  Koch  states  that  the  rods  are  deve- 
loped from  the  gelatinous-looking  capsule,  and  not  from  the 
bright,  shining  spore.  From  what  I  have  seen  I  think  there 
can  be  no  doubt  whatever  that  the  capsule  takes  no  active  part 
daring  the  formation  of  the  rod.  The  sporule  thus  slightly 
elon^ttes  (fig.  9),  and  then  from  one  of  its  poles  an  opaque 


Fig.  ^.-^Baeillui  antkracU:  A  sporule  developing  into  a  rod  (after  Ewart). 
X  Pdiam. 

process  appears,  which,  as  it  slowly  lengthens,  pushes  the  cap* 
sule  before  it,  as  it  would  an  elastic  membrane.  The  capsule,  as 
this  stretching  goes  on,  becomes  at  last  so  thin  and  transparent 
that  it  can  no  longer  be  distinguished  from  its  contents.'' 

It  is,  I  think,  extremely  probable  that  MM.  Cohn  and  Koch 
may  suggest  as  an  explanation  of  the  discrepancy  between  their 
description  and  figures  and  those  given  by  Dr.  Ewart,  that  the 
latter  has  described  and  figured  the  spore  (or  conidium)  of  a 
totally  different  plant,  accidentally  present;  and  MM.  Nageli 
and  de  Bary  would  (in  the  absence  of  exact  data  as  to  size),  in 
all  probability  pronounce  the  germination  depicted  in  the  last 
figure  reproduced  as  being  that  of  a  conidium  of  one  or  other  of 
our  ubiquitous  moulds. 

Like  Koch,  Dr.  Ewart  found  that  mice  could  be  fed  with 
splenic-disease  material  mixed  with  their  food  without  any  evil 
effects  ensuing,  and  that  **  the  spores  may  be  found  in  the  ali- 
mentary canal  of  such  mice,  sometimes  as  if  in  process  of  develop- 
ment into  rods  and  filaments.''  With  reference  to  the  last 
remark,  a  person  constantly  engaged  in  microscopic  work  may 
question  whether  it  is  possible  to  distinguish  these  flittering  free 
'  spores'  from  the  myriads  of  other  glistening  molecules  found 
in  the  intestinal  canal  of  all  animals. 

Contrary  to  the  results  hitherto  obtained  and  published  by 
others  in  support  of  the  view  that  Bacillm  anthracia  is  itself  the 
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specific  virus  of  splenic  fever.  Dr.  Ewart  finds  that  the  filaments 
are  not  absolutely  motionless,  but  that,  at  certain  stages,  they 
manifest  active  movements,  so  that  the  strongest  argument  which 
has  hitherto  been  adduced  in  favour  of  these  organisms  being  a 
peculiar  species  has  disappeared.^ 

I)r.  Ewart  found  also  that  the  bacilli  of  splenic  fever  in  guinea- 
»igs  differed  in  size  from  similar  bodies  in  affected  mice,  the 
lacilli  of  the  former  being  always  longer  than  those  of  the  latter. 
It  was  also  ascertained  that  the  baciUi  and  their  '  spores^  were 
killed  after  being  boiled  for  only  two  minutes,  the  fluid  after  this 
treatment  becoming  absolutely  inert.  A  like  result  ensued  on 
similar  fluid  being  subjected  to  a  pressure  of  twelve  atmospheres 
of  oxygen.'  Considering  the  position  into  which  the  supporters 
of  the  germ  doctrine  had  latterly  been  driven  by  their  anta- 
gonists, the  announcement  made  above  regarding  the  instability 
of  the  '  spores'  will  be  unwelcome,  and  none  the  less  so  by  the 
circumstance  of  its  having  been  made  by  one  of  their  warm 
adherents. 

A  few  years  ago  Mons.  P.  Bert  announced  that  he  had  ascer- 
tained that  compressed  oxygen  rapidly  kills  all  living  beings  and 
tissues.  He  had  paid  special  attention  to  ferments  in  the  in- 
vestigations which  he  had  conducted,  and  had  satisfied  himself 
that  such  of  the  fermentation  processes  as  were  depend^it  on 
living  matter  were  immediately  suspended  when  subjected  to  this 
influence,  whereas  those  fermentations  which  were  due  to  some 
material  in  solution,  such  as  diastase,  pancreatine,  myrosine, 
emulsine,  &c.,  were  in  no  way  affected.  He  then  turned  hu  atten- 
tion to  certain  poisons  secreted  in  health  or  disease  in  animals, 
the  venomous  secretion  of  the  scorpion,  vaccine  matter,  &c.' 

The  venom  of  the  scorpion,  whether  liquid  or  dried  and  re- 
dissolved  in  water,  resisted  the  action  of  compressed  oxygen, 
as  was  expected,  since  it  owes  its  activity  to  a  chemical  substance 
akin  to  ^e  vegetable  alkaloids,  fresh  liquid  vaccine  matter 
was  submitted  lor  a  week  to  the  action  of  compressed  oxygen, 
and  still  retained  its  power  undiminished.  Pus  from  a  case  of 
glanders,  after  being  subjected  to  similar  treatment,  rapidly 
killed  a  horse  inoculated  with  it;  hence  M.  Bert  infers  that  tl^ 

^  Since  this  was  written  I  have  observed  that  A.  Frisch  had  on  three 
occasions  seen  independent  movements  of  the  staves  of  Bacillus  anikracU 
in  blood  obtained  immediately  after  the  death  of  the  animab,  '  Oentralblatt 
fur  die  wissensoh.  Medicin/  April  7>  1877,  p.  247. 

'  Since  this  was  in  tvpe  a  note  has  appeared  in  the  '  Comptes  Rendas/ 
16th  Jnlj,  1873>  which  confirms  this  observation.  M.  Felz  found  that 
compressed  oxyeen,  if  applied  for  a  sufficiently  long  period,  killed  the 
"  germs  "  as  well  as  the  **  vibrions  "  of  septic  solutions. 

»  *  Comptes  Rendus,'  t.  Ixxxiv,  p.  1130,  May,  1877. 
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active  principle  in  vaccine  and  in  glanders  is  not  a  living  being 
or  living  cell. 

M.  Bert  then  exposed  some  blood  from  a  case  of  splenic  fever 
(in  which  were  myriads  of  bacilli)  to  the  action  of  compressed 
oxygen^  and  found  that,  although  the  blood  had  been  exposed  in 
very  thin  layers,  it  had  retainect  its  virulent  properties  intact,  as 
was  proved  by  its  having  killed  several  guinea-pigs  inoculated 
one  from  the  other,  but  the  blood  of  these  animals  did  not  contain 
bacilli. 

He  submitted  some  other  charbon  blood  containing  numerous 
bacilli  to  further  examination.  Some  absolute  alcohol  was  very 
cautiously  added  to  it,  drop  by  drop,  until  the  volume  of  the 
original  fluid  was  quadrupled,  and  the  mixture  thus  obtained 
was  filtered.  The  coagulum;  well  washed  in  alcohol,  was  rapidly 
dried  in  vacuo.  A  fragment  of  this  dried  material,  on  being  in- 
serted beneath  the  skin  of  a  guinea-pig,  killed  the  animal  in  less 
than  twenty-four  hours.  The  blood  obtained  from  this  animal 
proved  fatal  to  another  guinea-pig,  as  also  to  a  dog.  Inocula- 
tions were  conducted  from  one  animal  to  another,  but  the  virulent 
blood  of  none  of  these  animals  contained  bacilli. 

M.  Bert  went  still  further.  A  watery  solution  was  prepared 
(by  exhaustion)  of  the  alcoholic  precipitate,  and  having  satisfied 
himself  that  this  liquid  contained  the  active  principle  in  solution 
(for,  on  the  addition  of  more  alcohol,  a  white  flocculent  precipi- 
tate was  induced),  three  successive  inoculations  of  guinea-pigs 
were  conducted.  This  rather  severe  treatment,  however,  had 
manifestly  diminished  the  virulence  of  the  material,  as  inoculation 
was  not  successful  beyond  the  third  animal,  and  the  material 
proved  too  weak  to  kill  a  dog. 

From  these  observations  M.  Bert  concluded  that  the  blood  in 
splenic  fever  contains  a  toxic  and  virulent  principle,  which  resists 
the  action  of  compressed  oxygen,  and  can  be  isolated  in  the  same 
manner  as  diastase. 

These  observations  had  been  published  in  an  abbreviated  form 
previous  to  their  being  submitted  to  the  Academy.^  M.  Pasteur 
had  promptly  taken  up  the  subject,  and,  as  he  himself  was  not 
versed  in  the  medical  and  veterinary  arts,  had  associated  himself 
with  M.  Joubert,  of  the  College  RoUin,  for  the  purpose  of  more 
satisfactorily  dealing  with  the  matter.  Their  jomt  paper*  was 
published  a  few  weeks  before  the  publication  of  the  details  of 
M.  Bert's  experiments ;  it  was  their  remarks,  indeed,  which  led 
to  the  latter  being  published.  They  obtained  charbon  blood,  and 
made  numerous  cultivations  of  it,  transplanting  it  from  vessel  to 
vessel  or  from  animal  to  animal.     Outside  the  body  it  was  found 

*  *  Com  pies  Rendus  de  la  Society  de  Biologie/  January,  1877* 
«  *  Conipte«  Keudus,'  t.  Ixxxiv,  p.  900,  April,  1877. 
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that  almost  any  fluid  adapted  to  the  nourishment  of  minute 
organisms  was  suitable  to  the  cultivation  of  the  bacilli — "  one  of 
the  best  and  most  easily  obtained  in  a  nure  state  being  urine 
made  neutral  or  slightly  alkaline/'  In  this  way^  it  is  affirmed, 
poisonous  bacilli  could  be  prepared  by  the  kilogram^  if  required, 
m  the  course  of  a  few  hours.  When  the  material  was  filtered, 
the  clear  fluid  was  found  to  be  inert,  even  though  from  ten  to 
eighty  drops  were  taken,  whereas  a  single  drop  of  the  same  un- 
filtered  proved  fatal  to  the  inoculated  animal ;  nence  it  is  inferred 
that  the  or^isms  were  left  behind  on  the  filter,  and  were  the 
cause  of  their  death.^ 

The  foregoing  paper  was  followed  by  another  in  July,  1877,* 
by  the  same  authors,  in  which  it  is  stated  that  they  had  repeated 
M.  Bert's  experiments,  and  found  that  he  was  perfectly  correct 
as  to  the  destruction  of  the  bacilli,  and  of  the  poisonous  property 
of  charbon  blood  at  a  certain  stage  under  the  influence  of  com- 
pressed oxygen,  and  that,  too,  even  with  but  a  moderate  amount 
of  pressure;  but  that  when  the  bacilli  had  proceeded  to  the 
formation  of  spares  thev  withstood  the  heat  of  boUinc  water,  the 
prolonged  action  of  aosolute  alcohol,  as  also  the  influence  of 
compressed  oxygen  (=10  atmospheres  for  21  days).  The 
'spores,'  therefore,  are  most  Remarkable  organisms,  seeing 
that  they  withstand  influences  which  are  destructive  to  every 
other  form  of  vegetable  or  animal  life.  True,  "  invisible  germs ' 
are  accredited  with  this  marvellous  power,  but,  as  yet,  these 
'  spores*  are  the  only  visible  bodies  for  which  such  persistent 
vitality  has  been  claimed  by  eminent  authorities.  Mow,  how- 
ever, that  it  has  been  shown  by  Dr.  Cossar  Ewart  that  they  are 
not  more  exempt  from  "the  tendency  to  death"  than  other 
organisms  of  a  like  kind,  seeing  that  they  can  neither  withstand 
the  action  of  compressed  oxygen  nor  boiling,  it  is  probable  that 
MM.  Pasteur,  Koch,  and  their  adherents  will  apply  the  doctrine 

1  A  similar  result  was  obtained  by  M.  Onimas,  but  the  interpretation 
was  very  different.    M.  Onimus  found  that  if  the  blood  of  an  ox,  horse,  or 

Esrson  suffering  from  "  typhoid  fever,"  be  placed  in  a  dialyser,  and  the 
tter  placed  in  distilled  water  at  a  temperature  of  35*^  C,  a  prodigious 
quantity  of  organisms  would  appear,  identical  in  appearance  with  those  in 
the  putrefying  blood.  But  whereas  all  the  animals  which  were  inoculated 
with  a  drop  of  the  blood  contained  in  the  dialyser  died  in  a  short  time, 
those  whicn  were  treated  with  the  dialysed  material  (though  crowded  with 
organisms)  were  unaffected.  The  same  result  followed  when  putrefyiug 
blood  from  a  rabbit  was  subjected  to  similar  treatment.  Hence  M.  Onimus 
infers  that  the  poisonous  material  is  an  albuminoid  substance,  and  therefore 
not  dialysable  ('Bulletin  de  la  Academic  de  Medecine,'  March,  1873. 
Cited  by  M.  Ch.  Robin  in  'Le9ons  sur  les  Humeurs,'  p.  251,  1874). 
Clementi  and  Thin,  Schmitz,  Bergmann,  and  others,  have  obtained  more  or 
less  similar  results. 
*  '  Comptes  Rendus/  t.  hzx?,  p.  101. 
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at  present  fashionable,  ancf  aver  that,  though  the  '^  spores''  may 
be  dead,  their  invisible  germs  still  live,  and,  under  favorable 
circumstances,  will  reappear. 

With  the  foregoing  explanation  as  to  the  difference  between 
bacilli  and  their  '  spores/  in  their  power  of  withstanding  agencies 
ordinarily  destructive  to  life,  M.  Pasteur  was  able  to  convince 
his  former  pupil,  M.  Bert,  of  the  cause  of  the  discrepancies  in 
their  respective  results,  and  this  the  more  readily  from  the  cir- 
cumstance that  when  a  little  of  the  dried  alcoholic  precipitate  of 
charbon  blood  was  placed  in  urine  the  fluid  not  only  manifested 
virulent  nropertie^,  but  also  gave  rise  to  a  plentiful  crop  of 
bacillus-filaments  identical  in  appearance  with  those  which  had 
existed  in  the*  blood  previous  to  its  being  treated  with  alcohol. 

It  does  not  seem  to  have  occurred  either  to  M.  Pasteur  or  to 
M.  Bert  that  under  certain  circumstances  the  addition  of  any 
dried  organic  substance  to  suitable  urine  would  probably  be  fol- 
lowed by  a  crop  of  bacillus.  Indeed,  it  not  unfrequently  happens 
that  such  a  crop  may  be  obtained  without  intentionally  adding 
anything. 

Whilst  this  paper  was  in  preparation  it  occurred  to  me  to 
place  such  a  sample  of  urine  under  different  conditions  as  to 
temperature,  &c.,  and  to  carefully  observe  the  results.  Some 
specimens  were  made  slightly  alkaline,  others  made  neutral,  and 
others  again  left  untouched.  All  the  specimens  were  kept  at 
temperatures  varying  from  85°  to  40°  C.  (95°  to  104°  Fahr.), 
and  it  was  found  on  the  following  day  that  nearly  half  the  speci- 
mens were  coated  with  a  thin  pellicle  consisting  of  bacilli  in  all 
stages  of  development,  the  spore-stage  included,  notwithstanding 
that  considerable  care  had  been  taken  to  keep  out  particles  and 
foreign  matter  of  every  description.  These  appearances  are 
familiar  to  all  who  have  devoted  much  attention  to  microscopic 
studies.  It  need  hardly  be  added  that  organisms  thus  obtained 
would  produce  no  effect  on  animals  if  freed  from  the  decomposed 
urine. 

B. — Tke  Vegetable  Organisms  in  S^tieamia. 

The  belief  that  septicaemia  is  produced  by  organisms  belonging 
to  the  lower  group  of  fungi  has  had  almost  as  many  adherents  as 
the  doctrine  just  considered,  and  the  literature  in  support  of  it  is 
even  more  extensive.  The  virus  secreted  by  animals  suffering 
from  this  disease  is,  when  transferred  to  the  circulation  of  other 
animals,  as  fatal  in  its  results  as  that  of  charbon.  It  can,  more- 
over, be  transferred  from  animal  to  animal  ^  almost  indefinitely. 

'  >  Observations  illustrative  of  this  have  loDg  been  known.  Hamont,  for 
example,  in  1827,  injected  matter  from  a  gangrenous  abscess  from  one  horse 
to  another,  and  from  the  inoculated  horse  to  a  seoond  horse,  and  found 
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The  symptoms  induced  by  such  inocniation  are  frequently  so  very 
like  those  witnessed  in  splenic  fever  that  it  is  often  impossible 
satisfactorily  to  distinguish  them.  There  is,  however,  this 
marked  distinction,  namely,  that  whereas  the  presence  of  organ- 
isms in  the  blood  before  death  is,  to  a  greater  or  less  extent,  the 
rule,  in  what  is  known  as  charbon,  it  is  the  exception  in  septic 
poisoning.  The  fluid  exuded  into  the  peritoneal  cavity,  and 
frequently  also  into  the  pericardial  sac,  is  peculiarly  prone  to  give 
rise  to  the  development  of  various  forms  of  fission-fungi,  and  the 
abundance  with  which  they  are  sometimes  found  very  shortly 
after  death  has  given  rise  to  the  doctrine  that  they  were  the 
initiatory  agencies  by  which  the  fatal  results  were  produced. 

The  publication  of  Panum's  experiments,  which  went  to  show 
that  the  active  morbid  principle  in  such  fluids  could  not  by  any 
possibility  be  vitalised,  served  for  a  time  to  diminish  the  popu- 
larity of  such  views,  but  they  have  since  been  revived  again  and 
again,  and  never  with  a  greater  show  of  circumstantiality  than 
has  recently  been  the  case  in  a  paper  submitted  by  MM.  Pasteur 
and  Joubert  before  the  French  Academy.  This  paper,  notwith- 
standing that  it  exceeded  the  prescribed  length,  was,  on  account 
of  the  importance  attached  to  it  by  the  Academy,  published  in 
extenao} 

The  paper  deals  in  the  first  place  with  M.  Bert's  experiments, 
and  explains  the  discrepancies  between  M.  Bert  and  M.  Davaine's 
results  in  connection  with  charbon-blood,  as  already  described. 
But  it  goes  further  than  this.  It  will  be  recollected  that  the 
toxic  material  submitted  to  experiments  by  M.  Bert  did  not  give 
rise  to  bacilli  in  the  blood,  although  its  virulent  properties  were 
most  marked,  and  the  possibility  of  inoculating  the  disease  from 
animal  to  animal  without  bacilli  was  quite  as  manifest  as  in 
charbon-fluid  crowded  with  them.  Similar  results  have  been 
published  by  many  observers ;  for  instance,  MM.  Jaillard  and 
Laplat  did  so  very  soon  after  Dr.  Davaine's  paper  was  read  in 
1863,  a]id  formulated  their  conclusion  in  this  wise  :  (1)  charbon 
is  not  a  parasitic  disease;  (2)  the  presence  of  bacteridia  is  to  be 
considered  as  an  epi- phenomenon,  and  not  as  a  cause ;  and  (3) 
that  the  fewer  bacteridia  the  blood  in  sang  de  rate  contains,  the 
more  virulent  it  is.  It  thus  became  common  to  hear  of  cases 
of  charbon  with,  and  cases  without,  bacteridia. 

Davaine  has  also  shown  that  the  virulent  properties  of  the  virus 
of  septicaemia  manifest  a  marked  increase  when  transferred  from 
animal  to  animal.  -It  had  been  found  that  after  twenty-five  such 
successive    inoculations,  a  millionth,  and  even  a   billionth  or 

that  death  resulted  with  pretty  much  the  same  symptoms  in  both  cases.— 
MM.  Coze  and  Feltz  in  *  Lea  Maladies  Inft-clieuses/  p.  53,  1872. 
>  •  Comptes  Rendus/  t.  Ixxxv,  p.  101, 16th  July,  1877. 
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trillionth^  part  of  the  original  poison  was  sufficient  to  produce 
death.  Eabbits  were  found  to  be  very  susceptible ;  guinea-pigs 
somewhat  less  so.  Eats  were  found  to  be  capable  of  resisting  a 
considerable  quantity.  It  was  also  observed  by  Davaine  that 
decomposing  blood  lost  its  virulent  properties  when  exposed  to 
the  air  in  a  few  days ;  out  of  27  animals  inoculated  with  1  to 
-j-J^o*!^  of  ^  ^<>P  of  blood,  which  had  stood  from  1  to  10  days,  12 
died,  whereas  out  of  26  animals  inoculated  with  like  material 
which  had  stood  from  11  to  60  days  only  1  perished.* 

M.  Pasteur,  bearing  in  mind  the  difference  between  bacilli  of 
charbon  and  their  ^  spores'  as  regards  tenacity  of  life,  determined 
to  ascertain  whether  a  similar  condition  did  not  exist  in  septi- 
caemia. Three  animals  which  had  died  of  charbon  were  examined 
— a  sheep,  dead  6  hours ;  a  horse,  dead  20  to  24  hours ;  and  a 
cow,  deaa  over  48  hours.  The  blood  of  the  sheep,  which  had 
only  recently  died,  contained  charbon-bacteridia  only  ;  that  of  the 
horse  bacteridia,  together  with  *^vibriona  de  putrefaction ;  ^^ 
whereas  that  of  the  cow  contained  only  "  vibrions  "  of  the  kind 
last  mentioned. 

Inoculations  with  the  blood  of  all  three  animals  were  followed 
by  death.  The  autopsies  (conducted  immediately  after  death)  of 
the  guinea-pigs  which  had  died  after  inoculation  with  material 
from  the  two  last- mentioned  animals,  revealed  extensive  inflam^ 
mation  of  the  muscles  of  the  abdomen  and  limbs,  with  accumu- 
lations of  gas  here  and  there,  the  liver  and  lungs  discoloured,  the 
spleen  normal  in  size,  but  often  diffluent,  the  blood  of  the  heart 
not  coagulatc^d,  although  thiis  characteristic  was  more  evident  in 
the  liver — quite  as  evident  as  in  any  case  of  charbon.  Strange 
to  say,  writes  M.  Pasteur,  the  inflamed  muscles  contained  mobile 
'^  vibrions ;  "  these  were  still  more  numerous  in  the  serosity  of  the 
abdominal  cavity,  and  some  of  them  were  of  great  length.*  A 
drop  of  this  fluid  would  rapidly  kill  an  inoculated  animal,  but 
ten  or  twenty  had  no  effect  after  it  had  been  filtered.  The 
'vibrions'  are  not  found  in  the  blood  till  after  or  very  shortly 
before  death,  and  such  blood  is  said  to  manifest  no  virulent 
properties  if  taken  direct  from  the  heart  without  contamination 
with  the  tissues  outside  it. 

^  "Inoculation  de  la  mati^re  septique/*  'Balletin  de  TAcad^mie  de 
Science,'  November,  1872,  January,  18/3 ;  citdl  by  Birch-Hirschfeld,  ioo. 
cit„p.  173. 

'  ii.  Pasteur,  on  noticing  this  condition,  asks  why  it  is  that  a  circum- 
stance 80  general  in  deaths  of  this  kind  had  hitherto  escaped  notice ;  and 
replies  to  the  query,  that  it  was  doubtless  owing  to  the  attention  of  previous 
observers  having  been  devoted  solely  to  the  blood.  It  seems  strange  that 
M.  Pasteur's  specially  selected  collaborateur^  and  adviser  in  medical  matters, 
did  not  inform  him  that  this  very  appearance  was  about  the  best  known  of 
ail  the  phenomena  characterising  septic  poisoning. 
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The  movements  of  these  ^'  vibrions  ^'  were  stopped  on  subjecting 
them  to  the  action  of  compressed  oxygen,  but  they  were  not 
killed^  because  on  coming  into  contact  with  the  oxygen  they  were 
transformed  into  corpuscles-Hermes,  the  '  spores '  of  Dr.  Koch. 
This,  it  may  be  remarked  in  passing,  is  a  novel  and  rapid  method 
of  producing  reproductive  elements  in  plants. 

Not  only  do  these  "vibrions'' of  septicaemia  withstand  the 
action  of  compressed  oxygen,  or  rather  become  transferred  by  its 
action  from  perishable  filaments  to  apparently  imperishable  cor- 
puscles-germes,  but  they,  like  the  '  spores '  in  charbon,  also  with- 
stand the  action  of  absolute  alcohol.  Hence,  M.  Pasteur  infers 
that  septicaemia,  as  well  as  charbon,  is  caused  by  organisms — the 
parasite  of  the  former  being  mobile,  but  that  of  the  latter  not. 

It  will  be  more  convenient  to  analyse  these  results  hereaftejr. 

0. — Vegetable  Organisms  in.  Pneumoenteritis — ''  TypJioid fever** 

of  ike  Pig. 

In  February  of  the  present  year  Dr.  E.  Klein,  F.R.S.,  brought 
before  the  Boyal  Society  a  portion  of  the  result  of  an  experi- 
mental inquiry  (which  had  been  conducted  for  the  Medical 
Officer  of  the  Local  Government  Board)  into  the  etiology  of  a 
disease  sometimes  described  as  typhoid  fever  of  the  pig,  also  as 
hog  plague,  mal  rouge^  red  soldier,  and  malignant  erysipelas. 
Dr.  Klein,  however,  proposes  to  show  that  the  disease  is  not 
typhoid  fever,  nor  anthrax,  but  an  infectious  disease  of  its  own 
kind,  which  he  proposes  to  call  "  infectious  pneumo-enteritis  "  of 
the  pig  (Pneumo-enteritis  contagiosa)  .^  The  dise^e  appears  to 
present  considerable  pathological  resemblance  to  septicaemia  and 
to  charbon,  except  that,  as  regards  the  latter,  the  fresh  blood 
does  not,  as  a  rule,  contain  any  foreign  matter,  and  in  most 
instances  does  not  possess  any  infectious  property.  Of  five 
animals  inoculated  with  the  fresh  blood,  one  only  was  affected, 
but  the  specimen  of  blood  which  produced  this  retained  its  activity 
when  closed  in  a  capillary  tube  for  several  weeks.  The  peri- 
toneal exudation,  however,  always  contains  the  virus  in  an  active 
state,  and  solid  lymph  obtained  from  such  an  exudation  will,  if 
dried  at  about  88^  C,  prove  active.  This  accords  pretty  closely 
with  what  has  usually  been  observed  in  septicaemia.  Inocula- 
tion can  also  be  effected  by  means  of  portions  of  diseased  lung, 
intestine,  or  spleen,  as  also  with  the  frothy  sanguineous  exudation 
in  the  bronchi,  and  infection  may  take  place  when  the  virus  is 
introduced  directly  into  the  stomach. 

1  "  Experimental  Contributionfi  to  the  Etiology  of  InfecMous  Diseases 
with  special  reference  to  the  Doctrine  of  Contagium  Ylvum/'  'Quarterly 
Journal  of  Microscopical  Science/  April,  1878,  p.  170. 
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It  would  seem  that  like  organisms  were  discovered  by  Loiserii^ 
softie  eighteen  years  ago^  in  apparently  the  same  affection  of  the 
pig  as  that  now  described  by  Dr.  Eleu). 

Dr.  Falke^  in  referring  to  the  bacilli  of  splenic  fever^  and  after 
alluding  to  the  circumstance  that  Deli^fond  had  been  able  to 
induce  the  disease  in  other  animi^s  by  inocolating  them  with 
Vbth  of  a  drop  of  bacillus-bloody  states  that  Leisering^  in  his 
'  Dresden  Beport'  for  1860|  mentions  that  it  is  quite  correct  that 
such  bacilli  are  found  in  the  blood  in  splenic  disease,  but  that  he 
(Leisering)  had  also  found  that  they  were  present  in  four  pigs 
which  had  suffered  from  well-marked  typhus  (abdominalis)  witn 
ulcers  in  the  intestines  and  swelled  follicles.^  There  is  no  indi- 
cation here  that  the  bacilli  seen  by  Dr.  Leisering  in  pig-typhoid 
differed  in  appearance  from  those  which  he  had  seen  m  charbon ; 
on  the  contrary,  he  seems  to  assume  that  they  are  identical,  and 
hence  questions  their  being  pathognomonic  of  the  latter  disease. 

Seven  cultivation-experiments  were  conducted  by  Dr.  Klein  of 
the  bacilli  observed  by  him  ''to  prove  that  the  virus  can  be 
cultivated  artificially,  i.  e,  outside  the  body  of  the  animal." 
Minute  portions  of  peritoneal  exudation  were  added  to  aqueous 
humour  on  a  glass  side  in  the  usual  manner  and  kept  at  tempera- 
tures ranging  from  8^^  to  39^  C.  for  a  day  or  two ;  then  a  portion 
of  the  cultivated  substance  was  transferred  to  a  second  slide  with 
fresh  aqueous  humour,  and  so  on  till  from  a  third  to  an  eighth 
generation  was  reached.  With  material  thus  obtained  seven 
animals  were  inoculated  at  different  stages  of  the  cultivations, 
All  the  animals  are  described  as  having  been  affected,  but  it 
would  appear  that  death  did  not  result.  Doubtless  further 
information  as  to  the  symptoms,  &c.,  manifested  by  the  inoculated 
pigs  will  be  furnished  when  full  details  of  the  experiments  are 
published.  In  the  meantime,  it  may,  however,  be  noted  that  it 
IS  not  mentioned  that  bacilli  were  found  in  the  blood  of  the 
inoculated  animals. 

Dr.  Klein  states  that  the  cultivated  liquids  proved,  on  micro- 
scopic examination,  to  be  ''  the  seat  of  the  growth  and  develop- 
ment of  a  kind  of  bacterium  which  has  m  the  characters  of 
BqcMm  uubtilU  (Cohn)  ** — a  figure  of  which,   copied  from 

1  "  Bericht  uber  die  Thienmneiwissensphaft,*'  Schmidt's  '  Jahrbucher/ 
Band  114,  p.  131.  The  originil  is  as  follows :  "  Leisering  sagt  im  Dresij* 
ner  Bericht  f.  1860,  dass  man  nach  den  yoriie^enden  Beobacutungen  mit 
Kecbt  annehmen  konne,  dass  im  Milzbrandbmte  diese  eigenthumlicheu 
Korperchen  stets  vorkommen.  £r  babe  jedoch  dieselben  auoh  bei  vier 
Schweinen  gefanden,  welche  an  ausf^epragtem  Typhus  litten,  der  mit 
Barmffeschwiiren,  geschwelten  FoUikeln,  DlAssgraulicher  Far  bung  der 
Mudkleii  und  keiner  Blutuberfiillung  der  Eingeweide  einher^ing.*' — Cited 
by  Professor  Klob  in  his  *  Patholog^ch-Anatomische  Sludien  uber  das 
Wesen  des  Cholera  Processes,'  Leipzig,  1867. 
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Cohn's  paper^  will  be  found  on  another  page  (fig.  13).  The 
rods  of  the  ipig-bacillus  (fig.  10)  are  referred  to  as  being  thinner 
than  those  described  by  Cohn  as  occurring  in  hay  solutions^  also 
thinner  than  those  of  the  Bacillus  anUracis,  and,  unlike  the 
latter  (according  to   Davaine,    Pasteur,    Koch,    and    others), 

Eossess  a  moving   stage.^     It  will,  however,  be  recollected  that 
>r.    Ewart  has    shown    that    Bacillus    anthracis   may     also 
manifest  very  active  movements.     Under  favorable  circumstances     \ 
the  filaments  grow  into  leptothrix-like  filaments  (fig.  12)  just  as 
other  bacilli  are  known  to  do. 


Fig.  10.  Fig.  11.  Fig.  12. 

Fig.  10. — ^The  Bacillus  of  infectious  PneumO'enteritia  of  the  pig,  cultivated 
in  aqueous  humour  of  rabbit,  showing  spores  germinating  into  rods, 
isolated  rods,  and  series  of  rods. 

Fig.  11. — From  a  similar  specimen,  as  in  fig.  10,  at  a  later  stage ;  most  of 
tlie  rods  have  grown  into  long  filaments. 

Fig.  12. — Showing  the  formation  of  bright  cylindrical  spores  in  the  fila- 
ments at  a  later  stage. 

The  drawings  are  represented  as  tiie  objects  appear  when  seen 
under  a  Zeiss's  F  objective,  and  Hartnack's  ill  eye-piece,  fitted  to  a 
Hartnack's  small  stand  (after  Klein). 

''In  these  filaments,*'  writes  Dr.  Klein,  "highly  refractive 
spores  make  their  appearance  (fig.  12).  These  become  free  after 
the  disintegration  of  the  original  filamentous  matrix.  The  fully 
developed  spores  of  our  bacillus  differ  from  those  of  hay-bacillus 
and  anthrax  bacillus  by  being  more  distinctly  cylindrical  and 
much  smaller .'*  In  a  footnote  it  is  mentioned  that  in  the  figures 
accompanying  Koch's  first  paper  in  Cohn's  'Beitrage'  (1876) 
''the  spores  are  represented  in  many  places  as  more  or  less 

*  The  letters  a,  b,  used  in  the  original  figures  (as  given  in  the  *  Micro- 
scopical Journal '),  appear  to  have  become  accidentally  transposed  by  the 
lithographer,  as  what  is  referred  to  in  the  text  under  "  A,  Bacillus  of  infec- 
tious PneumO'enteritU  of  the  pig,  cultivated  in  aqueous  humour,  showing 
spores  germinating  into  rods,  isolated  rods,  and  series  of  rods,"  evidently 
refers  to  B  in  the  plate,  and  not  to  the  figure  marked  A. 
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spherical  in  shape  ;^'  but  if  the  very  valuable  micro-photographs 
of  these  bodies  accompanying  Koch's  subsequent  paper^  be 
referred  to,  it  will  be  found  that  the  '  spores  '  are  very  decidedly 
of  a  long-oval  form.  The  pig- bacillus  ^spores'  have  according 
to  Klein  along  diameter  of  0*0005  mm.,  whereas  those  of  anthrax 
=  00015— -002  mm.  "At  first/'  writes  Dr.  Klein,  "  I  misin- 
terpreted  the  spores,  regarding  them  as  a  kind  of  micrococci^  and 
only  after  repeated  observations  have  I  succeeded  in  tracing  them 
through  their  different  stages  of  development.''  Unfortunately 
Dr.  Klein  has  not  detailed  the  grounds  on  which  this  very 
important  statement  is  based,  nor  are  figures  given.  It  can 
scarcely  be  supposed  that  any  of  the  figures  in  the  plate  are 
intended  to  represent  the  germination  of  a  particular  spore.  As 
this  distinguished  observer  well  knows,  it  is  not  what  takes 
place  before  the  supposed  germination,  or  after  it,  which  has 
Been  the  subject  of  debate  for  so  many  years  in  connection  with 
the  development  of  the  fchizomycetes,  but  the  act  itself.  None 
of  the  figures  furnished  by  Dr.  Klein  present  any  resemblance  to 
Dr.  E  wart's  germination-figure  (fig.  9)  in  which  the  process  is 
unmistakably  depicted,  but  some  of  them  are  somewhat  like 
those  of  Koch  (fig.  5) ;  on  the  other  hand.  Dr.  Klein  writes 
regarding  the  conclusions  of  the  observer  who  first  ventured  to 
pronounce  these  bodies  in  Bacillus  anthracis  to  be  spores,  "  I 
entirely  differ  from  Dr.  Koch  with  regard  to  the  mode  of  germi- 
of  the  spores  of  bacillus."  The  points  of  difference  are  matters 
of  secondary  moment,  and  need  not  be  specially  referred  to 
here. 

Dr.  Klein  concludes  his  paper  thus :  "  Seeing  that  splenic 
fever,  pneumo-enteritis,  and  specific  septicaemia  possess  a  great 
affinity  in  anatomical  respects,  and  seeing  that  in  splenic  fever 
and  pneumo-enteritis  there  is  a  definite  species  of  bacillus, — the 
difference  of  species  being  sufficiently  great  to  account  for  the 
differences  in  the  two  diseases — we  may  with  some  probability 
expect  that  also  the  third  of  the  group,  viz.  specific  septicaemia, 
is  due  to  a  bacillm.  Tins,  however,  remains  to  be  demon- 
strated." 

Dr.  Klein,  therefore,  believes  that  whilst  the  evidence  adduced 
by  himself  in  support  of  the  cause  of  pneumo-enteritis  in  the  pig 
being  a  bacillus  is  sufficient  to  warrant  a  positive  statement  in 
the  affirmative,  that  adduced  by  Davaine,  Pasteur,  and  others 
in  favour  of  a  like  cause  for  septicsemia  is  not. 

>  Cobn's  •  tfeitrage/  Band  ii,  Heft.  3,  Taf.  xvi,  1877. 
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D. — The  Vegetaile  Organums  in  the  Blood  in  Recurrent  Fever. 

There  is  one  other  disease  in  which  vegetable  organisms  have 
been  found  in  the  blood,  namely^  recurrent  fev^ r  {Febr%9  or  Typhue 
recurrene).  In  this  affection  also  the  organisms  belong  to  the 
lower  fungi-group^  the  sehizomyceta — that  is  to  say^  the  fungi 
which  multiply  by  cleavage,  in  contradistinction  to  the  groups 
which  multiply  (1)  by  sprouting  or  (2)  by  germination.  The 
fission-fungi,  however^  present  themselves  in  this  disease  in  a 
different  form  from  that  witnessed  in  the  preceding,  anthracoid, 
class  of  affections.  In  the  latter  the  organisms  recognisable 
range  from  the  spherical  bacterium  to  the  bacillus  or  vibrio- 
bacillus  form — the  bacillus  being  by  far  the  predominating  form ; 
but  in  recurrent  fever  the  representative  of  the  echizomycetes  is  a 
spirillum — a  form  of  the  fission-fungi  which,  so  far  as  I  am 
aware,  has  not  hitherto  been  detected  in  any  of  the  anthracoid 
affections  referred  to  in  the  preceding  pages. 

We.  owe  the  discovery  of  this  organism  in  the  blood  toVir- 
chow's  former  assistant,  the  late  Dr.  Obermeier.  They  were 
found  in  the  blood  and  also  in  the  mouth  of  persons  suffering 
from  this  form  of  fever,  and  minutely  described  by  him  in  1878.^ 
It  would  appear  that  this  observer  had  already  seen  them  as  far 
back  as  1868.  In  all  the  cases  observed  by  him  they  were 
present  in  the  blood  during  the  height  of  the  fever,  but  were 
absent  during  the  remission  or  intermission,  as  the  case  might 
be;  nor  were  they  observed,  except  rarely,  after  the  crisis. 
Obermeier  describes  them  as  fine  fibrine-like  threads,  equal  in 
length  to  the  diameter  of  from  1 }  to  6  red  blood-corpuseles ;  and 
manifesting  screw-like,  progressive  movements,  which  may  con- 
tinue ftpom  one  to  eight  hours  after  removal  from  the  body.  The 
inoculative  experiments  which  he  undertook,  consisting  of  the 
injection  of  spirillum-blood  of  fever  patients  into  the  veins  of 
dogs,  rabbits,  and  guinea-pigs,  proved  abortive,  nor  was  there 
any  effect  produced  by  the  injection,  by  means  of  a  subcutaneous 
syringe,  of  small  quantities  of  such  blood  into  the  bodies  of 
healthy  persons. 

Ob^rmeier's  observations  as  to  the  existence  of  the  spirilla  in 
blood  in  this  kind  of  fever  were  speedily  confirmed  by  numerous 
observers,  and  the  negative  results  which  followed  his  attempts  at 
inoculating  persons  and  animals  likewise  characterised  the 
attempts  of  several  who  followed  in  his  footsteps.  Motschut- 
kowsky,  however,  states  that,  although  he  also  had  failed  to 
inoculate  animals,  yet  he  had  succeeded  in  inoculating  persons 

'  *  Centralblait  fiir  die  noedicinische  Wissenscbaften/  No.  10,  March, 
1873,  aud  in  subsequent  immbers  during  the  same  year. 
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with  the  blood  of  patients  suffering  from  the  fever^  no  matter 
whether  it  contained  spirilla  or  not.^ 

It  was^  however,  soon  found  that  whereas  spirilla  could 
generally  be  detected  in  cases  of  fever  of  this  kind,  nevertheless 
cases  every  now  and  then  occurred  in  which  perfectly  competent 
observers  failed  to  detect  them  in  the  blood  from  first  to  last,  and 
this  too  in  cases  not  a  whit  less  severe  than  those  in  which  the 
organisms  abounded  and  which  were  under  the  care  of  the  same 
observers  during  the  same  period. 

Some  discrepancy  exists  in  the  results  of  different  observers  as 
to  the  presence  of  spirilla  during  apyrexia  periods,  as  well  as 
regards  their  absence  during  the  height  of  the  paroxysm ;  Birch- 
Hirschfeld,  for  exadiple,  observed  them  two  days  after  the  crisis  ;^ 
and  Laskousky,  basing  his  observations  on  thirty-two  cases, 
says  that  they  increase  contemporaneously  with  increase  of  tem- 
perature ;^  whereas  Heydenreich  maintains  that  high  temperature 
tends  to  destroy  them — he  having  found  that  not  only  were  they 
most  numerous  in  the  blood  shortly  before  the  fever  was  at  its 
height,  but  that,  also,  outside  of  the  body  they  would  retain  their 
movements  longer  in  a  room  at  18®  to  21^  C.  than  at  a  higher  tem- 
perature. He  had  been  able  to  keep  active  spirilla  in  a  prepara- 
tion from  a  week  to  a  fortnight  at  this  temperature,  whereas  the 
spiriUa  died  in  from  15  to  21  hours  when  kept  at  blood  heat 
(370_380  C.).  At  40^—41°  C.  they  were  found  to  perish  still 
sooner — namely,  in  from  4  to  12  hours.* 

Although,  as  above  shown,  they  can  be  preserved  alive  for  a 
comparatively  long  time  outside  the  body,  nevertheless,  every 
attempt  which  has  been  made  to  '  cultivate  *  them  has  proved 
abortive ;  no  change  has  been  observed  to  take  place  in  them 
either  in  size  or  in  number,  notwithstanding  that  they  have 
been  'cultivated'  in  media  of  various  kinds  and  at  different 
temperatures. 

B. — 251^  relation  of  Microphytes  to  Disease. 
In  the  preceding  sections  the  leading  facts  regarding  the  con- 
nection of  living  organisms  with  the  occurrence  of  disease  have 
been  detailed ;  it  now  remains  to  consider  what  grounds  there  are 
forbidding  the  adoption  of  the  doctrine  of  a  germ  theory  of 
disease ; — why,  for  example,  we  should  not  at  once  admit  that 
splenic  disease  is  caused  by  bacteria-rods,  and  that  the  aim  of 
treatment^should  be  the  destruction  of  the  vitality  of  those  rods  ; 
or  that  recurrent  fever  is  cause  by  screw-bacteria,  and  such 
remedial  measures  resorted  to  as  tend  to  destroy  them. 

1  Heydenreich,  '  Ueber  den  Parasiten  des  RuckfalUtyphus/  S.  38, 1877. 
«  Schmidt's  *  Jahrbucher/  Band,  cxvi,  S.  211,  1875. 

•  Heydenreich's  *  Riickfallstyphus/  p.  39. 

*  Loo.  4iii.,  pp.  100  and  101. 
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Before  sticli  views  can  serve  as  the  basis  of  anything  like 
rational  treatment  it  must  be  shown : — (1)  either  that  these  or- 
ganisms^ as  ordinarily  met  with^  are  injurious  when  introduced 
into  the  animal  economy ;  or^  (2)  that  the  forms  found  in  disease 
are  in  some  respects  morphologically  diflferent  from  those  kuown 
to  be  innocuous — such  a  difference^  at  leasts  as  Yirchow  suggests, 
as  exists  between  hemlock  and  parsley.^ 

With  regard  to  the  first  pointy  it  has  been  shown  over  and 
over  again  that  all  the  representatives  of  the  group  of  fission- 
fungi  can  be  introduced  into  the  system  with  the  greatest  im- 
punity. Not  only  is  their  complete  innocuousness  practically  put 
to  the  test  by  every  individual  at  every  meaX,  but  observations 
have  been  published  which  have  conclusively  demonstrated  that 
they  may  be  introduced  directly  into  the  blood  by  injection  into 
the  veins,  or  indirectly,  through  the  lymphatics  in  the  subcu- 
taneous tissue,  without  the  slightest  evil  consequences.  These 
facts  are  so  well  known  and  generally  accepted  that  it  is  not 
necessary  to  refer  to  special  observations. 

With  regard  to  the  second  question,  however,  diametrically 
opposite  opinions  are  held — all  the  advocates  of  the  germ  theory, 
with  very  few  exceptions,  maintaining  that  the  particularoi^nism, 
in  the  particular  disease  in  which  they  are  specially  interested, 
is  wholly  distinct  from  all  others ;  that  is,  if  the  organism 
happens  to  be  anything  more  definite  than  a  granule  or  molecule. 
The  diseases  which  have  been  specially  cited  in  the  previous  pages 
as  being  associated  with  microphytes  may  be  divided,  roughly, 
into  two  classes  accordmg  to  the  form  of  the  attendant  microphyte 
— the  septinous  group,  consisting  of  malignant  pustule,  septi- 
caemia, and  the  malignant  erysipelas  or  ^^  typhoid  of  the  pig,  on 
the  one  hand,  and  a  low  form  of  fever  commonly  known  as  Typhus 
recurrent,  Bilious  remittent,  &c.,  on  the  other. 

With  reference  to  the  organisms  which  have  been  found  as- 
sociated with  the  first-named  group,  taking  Malignant  Pustule 
as  the  tvpe,  it  is  to  be  observed  that  M.  Bobin^  in  1865  pro- 
nounced the  bacteridia  of  Davaine  to  be  identical  with  Lepiotkrix 
buccalis  ;  and  the  well-known  botanist  Hoffmann  has  stated  his 
opinion  that  they  do  not  differ  from  like  bodies  which  appear  in 
milk  and  in  meat  solutions.'  Ferdinand  Cohn,^  agftin^  in  his 
observations  as  to  the  growth  of  bodies  of  the  same  character  in 
hay  solutions,  declares  that  the  bacilli  in  the  latter  are  identical 
in  form  and  size  with  those  found  in  splenic  disease,  and  that  the 

>  '  Die  Fortsohritte  der  Kreigsheilkunde,  besonders  im  Gebiete  der  In- 
fectioDskrankheiten/ 1874,  p.  34. 
»  *  Traits  du  Microscope/  1871,  p.  926. 
*  Birch-Hirschfeld,  loo.  cit.,  p.  206. 
<  Cohn*»  'Beitrage,'  Band  ii,  Heft.  3,  1877. 
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various  stages  in  their  development  correspond  in  everv  particular 
— the  only  difference  which  distinguished  them  being  that, 
whereas  Bacillus  anthracis  presented  no  movements,  the  bacillus  of 
hay  solutions  did.  This  distinction,  as  has  already  been  stated, 
has  disappeared.    Cohn's  figure  of  the  hay-bacillus  is  reproduced 


Fio.  13. — Bacillus  aubUlis :  formed  on  tbe  surface  of  a  boiled  infusion  of 
hay  which  had  stood  24  to  48  hours  (after  Cohn).     x  650  diam. 

(fig.  18),  as  it  may,  in  the  absence  of-  the  original  paper,  prove 
useful  to  such  as  would  wish  to  get  a  clear  conception  of  what 
Bacillus  anthracis  itself  is  like  by  examining  so  easily  obtainable  a 
substance  as  a  little  of  the  scum  which  forms  on  the  surface  of 
an  infusion  of  hay. 

F. — Tie  Vegeiahle  Organisms  found  in  Healthy  Blood  after  death 
considered  in  relation  to  the  Bacteria  and  Bacilli  of  Diseases. 

Several  years  ago  Dr.  Cunningham  and  myself  were,  whilst 
conducting  various  observations  together,  frequently  struck  with 
the  rapidity  with  which  organisms  appeared  in  the  blood  and 
tissues  of  animals  after  death  in  this  country.  The  microphytes 
were  not  limited  to  minute  spherical  and  elongated  bacteria,  but 
there  were  also  present  well-marked  staves  and  filameuts.  In  a 
report  submitted  by  us  in  1872,  and  again  in  1874,i  we  drew 
attention  to  this  matter  and  suggested  the  similarity  between 
them  and  Davaine's  bacteridia.  A  figure  of  these  organisms, 
which  were  published  by  us  at  the  time,  is  here  reproduced 
(fig.  14) 

A  short  time  ago  a  circumstance  occurred  which  drew  my 
attention  again  in  a  special  manner  to  these  organisms.  Mr. 
Hart,  a  veterinary  surgeon  in  Calcutta,  forwarded  to  me  for  ex- 
amination a  little  perfectlv  fresh  blood  which  he  had  removed  from 
a  horse  which  had  died  that  day  of  well-marked  anthracoid  dis- 
ease.    His  curiosity  had  been  aroused  as  to  the  microscopical 

1  <*  Cholera,**  '  Microscopical  and  Physiological  Researches/  1st  and  2nd 
series,  1872  and  1874. 
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characters  of  the  blood  by  perusing  an  account,  in  the  '  Veteri- 
narj  Journal/  of  *'  worms"  having  been  found  in  the  blood  of 


Fio.  14.— Ors^isms  found  in  the  tissues  of  healthy  animals  a  few  lioura 
after  death,     x  1500  diam. 

horses  suffering  from  a  similar  affection  in  the  Punjab.  A  slide 
was  prepared  and  examined  under  the  microscope  at  once,  but  no 
marked  peculiarity  could  be  detected ;  but  when  this  and  other 
slides  were  re-examined  twelve  hours  later,  having  in  the  mean- 
while been  kept  under  a  bell  glass,  numerous  staves  and  filaments 
were  observed,  which,  as  to  size  and  form,  accurately  corre- 
sponded  with  the  description  of  like  bodies  characterising  the 
blood  in  anthracoid  diseases  in  Europe. 

Several  ''  cultivations*'  were  started  by  adding  a  little  of  the 
blood  to  fresh  aqueous  humour.  The  preparations  were  then  set 
aside  for  a  few  hours  in  a  moist  chamber.  As  the  temperature 
of  the  atmosphere  at  that  time  was  generally  over  90^  F.,  no 
special  appliances  were  necessary  for  supplying  artificial  heat. 
The  development  of  the  rods  into  filaments  and  subsequent 
appearance  of  highly  refractive  oval  bodies  in  the  latter  corre- 
sponded so  completely  with  what  Cohn,  Koch,  Ewart,  and  others 
have  described,  that  it  is  not  necessarv  to  give  figures  of  the 
changes  that  took  place.  A  series  of  such  cultivations  was 
conducted  by  transferring  a  little  of  the  last  cultivation  to  fresh 
aqueous  humour,  and  so  on  from  one  preparation  to  another. 

It  was  then  determined  to  ascertain  whether  the  bacilli  found 
in  the  blood  of  animals  which  had  been  set  aside  for  a  few  hours 
after  death  would  manifest,  under  like  conditions,  similar  changes 
during,  their  growth.  Rats  were  obtained,  killed  by  means  of 
chloroform,  and  set  aside  for  from  three  to  twenty-four  hours,  or 
longer  according  as  the  temperature  of  the  atmosphere  was  high 
or  low.    The  result  proved  that,  almost  invariably,  bacilli  were 
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to  be  found  in  their  blood,  in  the  spleen,  and  in  other  organs. 
On  one  occasion  the  rapid  appearance  of  organisms  after  death 
was  exemplified  in  a  somewhat  remarkable  manner,  and  possibly 
the  mode  of  death  was  not  without  some  influence  in  determining 
their  exceptionally  early  and  plentiful  appearance. 

The  man  employed  to  procure  the  rats  determined  that  he 
would  get  a  sufficient  number  to  last  for  some  time,  and  pro- 
ceeded to  a  large  granary  with  his  rat  traps.  Haying,  however, 
found  that  he  could  procure  more  than  could  be  accommodated 
in  the  cage  which  he  had  brought  with  him,  he  obtained  a  large 
earthen  vessel,  transferred  twenty-seven  rats  into  it,  and  tied  a 
piece  of  cloth  over  the  mouth  of  the  vessel.  As  may  be  sup- 
posed, the  rats  had  perished  before  he  got  home--*all  except 
one. 

I  examined  the  blood  and  the  spleen  of  twenty  of  these  rats 
within  about  six  to  eight  hours  of  their  having  been  caught,  and 
found  in  each  case  that  there  were  innumerable  bacilli  present, 
in  every  way  morphologically  identical  with  Bacillus  anthracU. 
In  some  of  the  cases  the  number  was  astonishing.  They  were 
present  chiefly  in  the  form  of  rods,  but  here- and  there  some  were 
seen  to  have  grown  to  such  a  length  as  to  cover  two  fields  of  the 
microscope. 

This  experience  tends  to  give  support  to  the  statement  made 
by  M.  Signol  before  the  French  Academy,  to  the  effect  that 
motionless  bacilli,  identical  with  those  found  in  charbon,  will  be 
found  in  sixteen  hours  or  less  after  death  in  the  blood  of  animals 
which  have  been  asphyxiated  by  means  of  a  charcoal  fire.  M. 
Signol;  moreover,  found  that  eighty  drops  of  this  blood  would 
kin  a  goat  or  a  sheep  very  rapidly,  notwithstanding  that  putridity 
could  not  be  detected,  so  far  as  appearance  and  odour  went ;  but 
that  bacilli  would  not  be  found  in  the  blood  of  the  inoculated 
animals,  either  before  or  immediately  after  death.^ 

It  has  been  urged  that  the  microphytes  which  appear  in  the 
blood  after  death  simply  make  their  way  into  it  from  the  intestiDal 
canal  as  a  result  of  the  breaking  down  of  the  tissues.  This  ob- 
jection is  certainly  no  longer  tenable,  for  many  observers  have 
shown  that  if  some  of  the  organs  be  removed  from  the  body 
immediately  after  death,  or,  indeed,  isolated  from  the  circulation 
whilst  the  animal  is  still  alive  and  under  the  influence  of  chloro- 
form,  these  organisms  will  nevertheless  appear  if  the  preparation 
be  kept  for  some  hours  at  a  suitable  temperature. 

Some  of  the  specimens  of  blood  which  furnished  several  of  the 

preparations  about  to  be  described  were  obtained  in  this  manner. 

Rats,  mice,  kittens,  &c.,  were  placed  under  chloroform,  and  either 

killed  and  placed  on  one  side  for  some  hours ;  or,  whilst  still 

^  <  Comptes  Rendus/  i.  ixxxi,  p.  1116,  Dco^aiber,  1876. 
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under  the  influence  of  the  chloroform,  ligatures  were  passed  around 
the  several  viscera  so  as  to  isolate  them  before  death  had  taken 
place.  Finally,  a  ligature  was  passed  around  the  vessels  at  the 
base  of  the  heart,  and  the  organ  severed  from  the  body. 

The  specimens  thus  procured  were  repeatedly  dipped  into 
either  melted  paraffin  or  wax,  by  means  of  the  string  attached 
to  them.  In  this  way  they  became  coated  something  after 
the  manner  of  the  cotton  wick  of  a  candle.  Preparations 
thus  made  were  set  aside  for  from  twelve  to  twenty-four  hours, 
according  as  the  average  temperature  of  the  atmosphere  was  over 
or  Under  90^  F.,  and  it  was  almost  invariably  found  that  organ- 
isms appeared  in  them,  almost,  if  not  quite,  as  rapidly  as  they 
appeared  in  the  bodies  of  animals  which  had  been  simply  set 
aside  under  like  conditions.  In  the  former  case,  however,  the 
supposition  that  they  were  derived  from  the  alimentary  canal 
after  death  is  not  possible ;  nor  can  it  well  be  maintained  that 
they  derived  their  germs  from  contact  with  the  scalpel,  string, 
&c.,  seeing  that  the  entire  surface  was  exposed  to  the  influence 
of  melting  paraffin  or  wax. 

The  first  figure  in' Plate  XVII  represents  a  tracing  of  a  micro- 
photograph  of  the  bacilli  obtained  in  the  manner  above  described 
from  the  blood  of  a  mouse,  to  all  appearances  perfectly  healthy 
when  killed.  A  little  of  the  blood  was  spread  in  a  thin  layer  on 
a  glass  cover  and  allowed  to  dry,  then  a  drop  of  a  solution  of 
anilin-blue  was  added  to  the  slide,  so  as  to  stain  the  micro- 
phytes, and  thus  render  them  more  distinctly  visible  when 
focussed  in  the  camera.  The  photographs  were  obtained  by 
means  of  a -iV'^  object  glass  (immersion),  made  by  Messrs.  Powell 
and  Lealand. 

When  first  seen  in  the  blood  the  majority  of  these  bacilli  are 
motionless — in  some  preparations  completely  so,  but  in  others 
they  can  be  observed  to  manifest  more  or  less  distinctly  marked 
independent  movements.  They  vary  in  size — in  length  chiefly — 
according  as  their  development  into  filaments  has  advanced. 
The  average  length  of  each  rod  is  found  to  be  either  5  /x  or 
10  fi,^  In  the  latter  case  a  more  or  less  distinctly  marked  bend 
will  be  recognisable  indicative  of  a  joint.  In  more  advanced 
stages  of  growth,  two,  three,  or  more  such  joints  may  be  detected, 
especially  on  the  addition  of  reagents,  such  a  tincture  of  iodine. 
In  this  case  the  bacilli  will  measure  either  15,  20,  26,  or  more 
micro-millimeters.     The  length    of    these    segments,    whether 

1  fi  :=  micro-millimeter  ('001  mm).  This  mode  of  stating  the  measure- 
ments is  adopted  in  connection  witti  this  series  of  observations  for  con- 
venience of  comparison  with  like  observations  regarding  Bacillus  anihracis. 
It  will  be  convenient  to  remember  tbat  the  average  size  of  a  human  red 
blood-corpuscle  =  8  ft. 


Digiti 


zed  by  Google 


MICROPHYTES  FOUND  IN  XHS  BLOOD.  389 

attached  or  free^  varies  considerably  in  preparations  from  different 
animals^  and  even  in  preparations  from  the  same  animal^  so  that 
staves  may  be  seen  to  range  from  3  to  Sfiin  length  and  occa- 
sionally even  to  exceed  these  limits.  The  average  width  of  the 
staves  was  1  /u,  but  deviations  from  the  average  were  equally  evi- 
dent in  these  measurements  also.  Sometimes  it  was  found  that 
the  specimens  present  in  one  organ  are  smaller  or  larger  than 
they  are  in  another  belonging  to  the  same  animal. 

If  a  very  minute  quantity  of  blood  of  this  character  be  placed 
on  a  slide  with  a  little  aqueous  humour,  it  will  be  found  that 
in  the  course  of  four  or  five  hours^  if  the  temperature  be  about 
90^,  the  bacilli  will  have  crown  very  considerably,  the  majority 
measuring  20  to  60  fi,  and  here  and  there  in  the  preparation  a 
filament  may  be  observed  stretching  half  across  the  field  of  the 
microscope.  A  few  hours  later  still,  a  meshwork  of  well-formed 
fikunents  will  be  manifest  (PI.  XVII,  fig,  2) .  Some  of  these  fila- 
ments will  be  found  to  be  distinctly  segmented,  others  apparently 
without  a  single  segment  in  their  entire  length,  though  even  in 
these  a  tendency  will  be  observed  to  form  more  or  less  acute 
angles  at  certain  distances.  Other  specimens  will  be  found  to 
show  traces  of  segmentation  at  either  end  or  towards  the  middle. 
Drying  the  specimen^  or  treating  it  with  reagents,  will  make  the 
segments  much  more  distinct. 

A  few  hours  later  some  of  the  filaments  will  be  seen  to  con- 
tain brightly  refrincent,  long-oval  molecules,  varying  slightly 
in  size,  but  1'^  ji  in  length  by  1  /li  in  width,  may  be  given  as  fair 
average  dimensions.  These  are  the  '  spores  ^  which  have  been 
descnbed  in  Bacillus  anthracisy  &c.  In  a  short  time  these  re- 
&ingent  bodies  dot  the  entire  length  of  the  filaments,  a  tendency 
being  mamfested  to  present  groups  of  twos  along  the  line.  Gra- 
dually the  filaments  become  more  and  more  indistinct,  until, 
finally,  only  the  more  or  less  distinctly  linear  arrangement  of 
these  refringent  bodies  remains  to  indicate  the  path  of  the  fila- 
ment (PI.  XVII,  fig.  3). 

I  have  spent  many  hours,  days  even,  in  watching  isolated 
molecules  of  this  kina,  but  have  never  been  able  to  see  anything 
which  would  warrant  my  saying  positively  that  they  germinated  : 
I  can  only  support  what  Nageb,  de  Bary,  and  others  have  per- 
sistently affirmed,  namely,  that  the  schizomycetes  multiply  by 
fission  only.  The  bodies  described  and  figured  as  germinating 
by  Cohn,  koch,  and  others  (figs.  5,  6)  may  be  seen  in  most  pre- 
parations, some  of  which  will  be  found  figured  by  myself  in  PL 
XVII,  fig.  5,  but,  so  far  as  my  experience  goes,  none  of  the 
objects  delineated  represent  the  germination  of  'spores'  or 
conidia ;  certainly,  here  and  there,  bodies  may  be  seen  which  at 
first  sight  appear  very  like  it — such,  for  example,  as  the  refrin- 
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gent  molecule  figured  at  5a  as  seen  by  Powell  andLealand^s  one- 
sixteenth  immersion — but  frequently  the  extremely  translucent 
filament  attached  to  it  extends  beyond  the  'spore'  at  either 
end  (fig.  5  b),  thus  showing  that  the  filament  is  not  formed  of 
plasma  which  had  proceeded  out  of  the  '  spore/  but  is,  in  reality, 
a  tube  enveloping  it.  It  has  been  observed  already  that  the 
observers  who  maintain  that  these  refractive  bodies  germinate, 
base  their  opinions  on  different  grounds.^  Their  figures  in 
most  cases  agree^  but  their  interpretations  differ. 

It  may  be  suggested  that^  although  the  bacUli  found  in  the 
decomposing  blood  of  healthy  animals  do  produce  spores,  they 
are  not  of  the  same  character  as  the  spores  found  in  Bacillus 
anthracU.  To  this  it  may  be  replied  that  Cohn  states  that  the 
bpores  in  the  latter  are  identical  in  appearance  and  run  through 
the  same  developmental  stages  as  the  spores  of  the  Bacillus 
suhtilis  of  hay-solutions,  so  that  the  remarks  which  I  have  ven- 
tured to  make  regarding  the  '  spores '  of  the  bacillus  of  ordi- 
nary blood  apply  equally  to  bacillus  of  hay- infusions,  for  I  have 
been  unsuccessful  in  witnessing  anvthing  like  the  germination 
process  in  the  'spores'  of  the  latter  also.  Nor  were  the 
*  spores  *  which  formed  in  bacilli  associated  with  the  anthracoid 
blood  of  the  horse  observed  to  germinate. 

With  regard  to  specific  distinctions  which  have  been  based  on 
the  differences  of  size  which  microphytes  of  this  character  pre- 
sent— specific  distinctions  which,  in  all  probability,  will  be  still 
further  advocated  in  the  future — it  is  of  interest  to  note  that 
the  bacilli  found  in  the  blood  and  tissues  of  animals  which,  at 
the  period  immediately  preceding  their  death,  had  been  per- 
fectly healthy,  manifest  considerable  latitude  in  this  respect. 
The  following  extracts  from  my  note  book  may  serve  as  illustra- 
tions of  this,  and,  at  the  same  time,  furnish  a  brief  epitome  of 
the  changes  which  bacilli-filaments  undergo  under  very  slightly 
varying  circumstances.  The  first  series  of  extracts  will  refer 
to  bacilli  of  a  smaller  size  than  ordinarily  seen.  The  notes  run 
as  follows  : — "  Killed  two  mice  yesterday  and  examined  one  of 
them  to-day,  twenty-four  hours  after  death.  The  red  blood 
cells  from  blood  taken  from  the  heart  fairly  well  preserved. 


Koch  could  have  seen  the  actual  germlDation  of  these  bodies,  as,  according 
to  his  (Brcfeld's)  own  observations,  the  process  takes  place  in  a  different  way 
from  that  described  by  them.  This  distinguished  botanist  states  that  he 
has  satisfied  himself  that  germination  takes  place  at^i  rigJUangU  to  the  long 
axi»  of  the  *^8pore^*  and  that  the  act  takes  place  more  rapidlv  after  prolonged 
boilioff.  It  will  be  recollected  that  Dr.  Ewart  found  that  the  'spores' 
were  killed  after  being  boiled  for  only  two  minutes. 
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Numerous  short  bacilli  present — motionless.  The  spleen  also 
crowded  with  similar  bacilh*.  They  appear  to  be  of  a  smaller  size 
than  are  usually  met  with^  the  segments  averaging  only  2*6  fi  in 
len^h  by  '8  to  1  /li  in  breadth;  though,  in  many  of  the  rods, 
indications  of  segmentation  coidd  not  be  detected,  or  detected 
only  in  parts  of  them.  The  segments  became  more  evident  on 
drying,  so  that  measurements  could  be  accurately  made.  The 
sketch  opposite  has  been  drawn  accurately  to  scale  {vide  PI. 
XYII,  fig.  6).  A  drop  of  aqueous  humour  was  placed  on  a 
cover-glass  and  a  needle  dipped  into  the  spleen,  and  then  ap- 
plied to  the  droplet  of  humour.  The  cover  was  inverted  and 
placed  on  a  glass  slide,  hollowed  in  the  centre,  a  little  olive  oil 
having  been  placed  along  the  rim  of  the  hollow  to  maintain  the 
cover  in  its  position.  Another  specimen  was  prepared  and 
mounted  on  a  slide  in  the  ordinary  way  {i,e,  without  access  to 
air  except  along  the  edge  of  the  cover-glass),  and  both  were  set 
aside  until  the  following  day.*^ 

The  course  taken  by  the  latter  preparation  is  described  as 
follows : — *^The  *  ordinary'  preparation  of  yesterdav's  note  was 
found  to  have  altered  somewhat.  At  one  side  of  the  slide  a 
number  of  Bacterium  termo  had  developed,  forming  a  whitish 
rim;  along  with  these  were  staves  of  the  same  character 
as  described  yesterday,  but  considerably  grown,  which  were  being 
knocked  about  in  all  directions  by  the  bacteria.  The  greater 
portion  of  the  preparation  had  gone  on  to  '  spore '  formation,  as 
figured  at  a,  rl.  XVII,  fig.  7.  In  others  the  filaments  and 
joints  were  still  distinct  and  presented  a  protoplasmic  aspect  (5). 
Many  of  the  filaments  were  held  together  by  very  slender  cords, 
sometimes  as  if  by  one  comer  only,  probably  owing  to  a  twist- 
ing of  the  tube ;  at  others  the  continuation  of  the  tube  was  dis- 
tinct (c).  [Compare  this  description  with  the  figures  ot  Bacillus 
anihracia  reproduced  from  Dr.  Cossar  Ewart^s  paper,  fig.  7  and 
8.]  Here  and  there  filaments  could  be  seen  in  a  transition 
stage,  a  'spore'  having  formed  in  each  segment,  the  joint  being 
still  faintly  visible,  but  the  plasma  disappeared  except  at  one  or 
two  parts — generally  the  end  segments  of  a  thread.  Com- 
monly the  separated  segments  contained  two  '  spores,'  presum- 
ably coinciding  with  the  original  number  of  segments.  The 
threads  are  wider  when  containing  'spores'  than  previously. 
The  '  spores '  =  1  to  1'4j  /x  in  length,  '8  to  1  ju  in  breadth.  The 
space  allotted  to  each  '  spore '  in  a  filament,  presumably  each 
segment,  was  from  6  to  7  ju  in  length,  so  that  a  filament  contain- 
ing 2  '  spores  *  would  equal  \i  to  14  ju,  and  3  'spores '  =  18  to 
%\fXy  and  so  on,  so  that  the  filament  manifestly  swells  out  in  all 
directions.'^ 

The  third  day  :  ''  Having  set  the  slide  in  moist  air  under  a 
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bell-glass^  evaporation  was  prevented.  Not  much  change  has 
taken  place^  except  that  here  and  there  is  seen  that  some  of  the 
'  spores '  within  the  filaments  present  a  longer  appearance^  and 
have  become  correspondingly  narrower.  In  some  a  constriction 
is  seen,  and  others  are  completely  divided  and  form  two  com- 
plete molecules  (PI.  XVII,  fig.  8).  In  some  mstances  the  mole- 
cules had  become  separated.  [Compare  with  Dr.  E wart's  figure 
of  Bacillus  anthracis,  fig.  8.]  That  the  refringent  particles  were 
in  reality  the  '  spores '  of  the  previously  distinctly  seen  filaments 
was  evident  from  the  circumstance  that,  although  the  hyaline  tube 
which  contained  them  was  extremely  translucent  and  only  with 
difficulty  brought  into  view,  still  it  was  sufficiently  strong  to  be 
able  to  retain  these  refractive  molecules  in  a  row ;  any  movement 
communicated  to  one  part  of  the  row  was  seen  to  be  accompanied 
by  movement  of  the  entire  series.  The  movements  were  caused 
by  the  constant  agitation  of  objects  in  the  field  on  account  of 
the  presence  of  Bacterium  iermo^* 

No  further  change  could  be  detected  in  the  '  spores.' 
The  foregoing  description,  though  applying  to  the  more  ^ene-' 
rally  observed  apoearances  which  bacillus  growths  present,  is  by 
no  means  the  only  course  taken  by  such  organisms  when  trans- 
ferred to  nutritive  media  other  than  that  in  which  they  were 
developed,  nor  is  it  by  any  means  a  matter  of  certainty,  at  start- 
ing, what  particular  course  will  be  followed  by  them.  In  illus- 
tration of  this  and  also  of  the  fact  that,  occasionally,  exceptionally 
large  bacilli  are  to  be  found  predominating  in  the  blood  (just 
as  we  have  seen  to  be  the  case  with  regard  to  exceptionally  small 
ones),  the  following  extract  from  my  note  book  may  be  instruc- 
tive : — A  rat  which  had  been  killed  at  10  o'clock  in  the  morning 
was  dissected  at  5  in  the  afternoon  of  the  same  day.  The  tem- 
perature had  been  about  94°  P.  The  heart  was  carefully  taken 
out  and  a  minute  quantity  of  blood  transferred,  on  the  tip  of  a 
scalpel,  to  a  slide.  A  small  quantity  of  a  half  ner  cent,  solution 
of  salt  and  distilled  water  was  added,  in  oraer  to  dilute  the 
preparation,  and,  by  separating  the  corpuscles,  render  it  easier 
to  see  any  foreign  matters  that  might  exist  in  the  serum.  There 
were  numerous  motionless  bacilli  varying  from  4  to  SO  /u  in  length 
by  '8  to  1*4  Ik  in  width,  the  thicker  variety  predominating  (Pi. 
XYII,  fig.  9).  The  majority  consisted  of  short  stiff  rods,  5*5  /u 
in  length,  or  double  this  len^h ;  in  the  latter  case  often  manifest- 
ing indications  of  a  tendency  to  bend  towards  the  centre.  There 
were  also  a  few  thicker  rods  than  these  scattered  throughout 
the  preparation.  An  hour  having  been  spent  in  the  examina- 
tion of  this  slide,  it  became  apparent  that  the  bacilli  were  more 
numerous  on  it  than  when  the  examination  commenced.  It  was 
then  set  aside  in  a  moist  chamber. 
A  similar  slide  was  prepared,  consisting  of  just  a  trace  of  the 
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blood  mixed  with  fresh  aqueous  humour^  and  placed  in  the  same 
chamber. 

On  the  following  morning  this  slide^  to  which  the  half  per 
cent,  salt  solution  had  been  added^  was  re-examined,  and  it  was 
found  that  the  filaments  had  grown  greatly  in  length  and  some- 
what in  thickness  (PI.  XVII,  fig.  10) ;  in  some  instances  the 
filaments  extended  across  the  field  of  the  microscope.  All  the 
filaments  were  motionless  and  almost  translucent,  quite  devoid  of 
granularity,  and  it  was  only  in  some  places  that  a  joint  could  be 
distinguished.  No  refringent  molecule  appeared  in  any  of  these 
long  filaments,  but  there  were  some  short,  pale,  transparent 
rods  rolling  about  in  the  preparation,  and  in  these  glistening 
bodies  were  found  (PI.  XVII,  fig.  1^).  Some  of  these  rods,  or 
segments,  were  8  fi  long  and  contained  a  bright  blue  (as  seen  with 
Hartnack's  No.  9  immersion  objective)  '  spore,'  2  fi  in  length 
by  1  /ti  in  width,  and  other  segments,  about  the  same  length, 
contained  two.  Mixed  with  these  were  short,  translucent  staves, 
with  a  distinct  joint,  some  with  two  '  spores,'  separated  by  a 

Sartition,  and  others  shorter  (4'5  fi)  with  only  one.  By  the  next 
ay  the  filaments  were  broken  down  and  the  preparation  consisted 
chiefly  of  a  multitude  of  active  Bacterium  termo. 

The  other  slide,  which  had  been  prepared  with  aqueous  humour, 
was  likewise  examined  on  the  following  day.  The  filaments  were 
not  so  long  as  in  the  other  preparation,  and  there  appeared  to  be 
a  decided  tendency  towards  cleavage  into  small  cuboid  pellets  of 
plasma  (PI.  XVII,  fig.  11,  a).  Some  of  the  filaments,  though 
well  preserved  at  one  end,  were  seen  to  be  undergoing  the 
process  of  fission  at  the  other,  each  fragment  being  equal  to 
1 — V%  fi  in  its  longest  diameter.  It  seemed  as  if  the  4  to  5  /u- 
segments,  of  which  the  filaments  were  composed,  had  first  become 
freed  from  the  thread,  and  had,  instead  of  giving  rise  to  a 
'spore,'  undergone  fission  (fig.  11,  b).  •  In  other  cases  cleavage 
of  this  kind  took  place  whilst  the  individual  segments  maintained 
their  linear  arrangement  (fig.  11,  c).  In  some  instances  it 
seemed  as  if  the  two  first  halves  of  the  originally  4  to  5  ^-seg- 
ments had  each  become  elongated  (and  correspondingly  thinner) 
and  undergone  further  division,  thus  forming  four  more  or  less 
spherical  plastides  (fig.  11,  d).  When  the  whole  filament  had 
undergone  such  a  process  and  the  plastides  had  retained  their 
linear  arrangement,  it  presented  the  appearance  of  a  rosary  chain 
(fig.  11,  e).  It  was  ascertained  that  four  of  the  plastides  form- 
ing a  part  of  the  particular  chain  sketched  were  equal  to  the 
length  of  one  of  the  segments  of  the  original  filament,  viz.  5  fi. 

It  will  thus  be  seen  that  filaments  of  bacilli  may  disappear  at 
least  in  two  ways :  (1)  by  giving  rise  to  minute  highly  refractive, 
long-oval  molecules>  the  filaments  themselves  becoming  at  first 
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transparent^  and  then^  apuarentlj^  disappearing  more  or  less 
completely]  and  (2)  1>7  unoergoing  cleavage^  and  givins  rise  to 
minute  puistides.  These  maj^  occasionally^  be  observea  to  pre- 
sent a  rosary-chain  arrangement^  but  usuallj^  their  identification 
becomes  impossible  owing  to  their  mixing  with  other  molecules 
in  the  field. 

I  am  not  in  a  position  to  offer  any  suggestion  as  to  which  is 
the  normal  course  for  bacilli  to  take^  seeing  that  bacillus-filaments 
may  redevelop  under  suitable  conditions  from  material  derived 
from  preparations  in  which  either  of  the  two  foregoing  processes 
has  been  observed  to  take  place.  Probably,  to  a  greater  or  less 
extent,  both  processes  occur  together ;  at  least  it  is  seldom  that 
filaments  will  give  rise  to  the  bright,  refractive  molecules,  in  a 
highly  nutritious  fluid,  without  a  contemporaneous  formation  of 
plastides  taking  place  at  some  part  of  the  preparation. 

G. — The  relation  of  the  Spirillum  of  Recurrent  Fever  to  other 
known  Spirilla. 

Having  thus  endeavoured  to  prove  that  no  sufficient  grounds 
have  been  adduced  for  accepting  the  doctrine  that  bacilli  have 
been  found  in  splenic  disease,  septicaemia,  and  so  forth,  which 
differ,  not  only  in  any  material  respects,  but  in  any  respects 
whatsoever,  from  bacilli  which  may  be  found  under  certain  easily 
induced  conditions,  it  remains  to  be  seen  what  evidence  there 
exists  to  show  that  the  other  member  of  the  schizomycetes  group 
found  in  recurrent  fever — Spirillum  Obermeieri — differs  from 
other  spirilla  known  to  be  harmless. 

On  this  point  also  considerable  diversity  of  opinion  exists, 
though  perhaps  not  quite  to  so  marked  an  extent  as  with  respect 
to  the  microphytes  which  have  just  been  considered.  The  matter 
is,  moreover,  made  somewhat  simpler  from  the  circumstance 
that  those  who  have  had  the  greatest  opportunities  for  personal 
observation  are,  on  the  whole,  the  observers  least.inclined  to  claim 
for  this  spirillum  specific  characters  in  the  ordinary  botanical 
sense  of  the  term. 

Since  the  period  of  its  discovery  in  the  blood  by  Obermeier  it 
has  been  referred  to  under  various  names ;  Spirothrix,  Protomy^ 
cetum  rectcrrentis,  in  Lebert's  article  on  recurrent  fever  and  in 
Ziemssen's  '  Handbuch '  of  Medicine ;  Spirillum  by  Erichsen, 
Litten,  Birch-Hirschfeld,  &c. ;  Spirillum  tenue  by  Naunyn ;  and 
Spirochate  Obermeieri  by  Cohn  (fig.  15). 

The  last-named  observer,  and  the  only  one  with  an  extended 
botanical  experience,  gave  it  a  specific  distinction  solely  on 
physiological  grounds,  as,  after  careful  examination,  he  was  unable 
to  defect  any  difference^  either  in  me  or  in  character  of  move* 
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menu,  between  the  spirillum  of  recurrent  f  ^e^^-^ood  and 
Spirillm  {SpirocJuBte)  pUeatile,  yhich  had  been  fo^^J J^^ 
Ehrenberg  in  water  many  years  ago.^     Cohn  himself  had  subse. 


Fig.  15.  Fig.  16. 

Tig  15  —Spirillum  {Spirochale)  Obermeieri,  The  spirilla  among  blood- 
cells  *  ♦  in  active  movement.  Those  marked  *  sketched  a  short 
time  before  the  cessation  of  the  fever  (after  Weigert ;  pubhshcd  by 
Cohn).     X  600  diam. 

Fig.  \^,— Spirillum  (Spirochate)  pUcaiile  (after  Cohn).     X  650.diam. 

quently  found  it  in  water,  and  also  in  the  mouth— in  the  mucus 
surrounding  the  teeth.^  A  figure  of  this  spirillum  by  Cohn  is 
reproduced  for  convenience  of  comparison^  (fig.  16). 

It  will  be  recollected  that  the  late  Dr.  Obermeier  himself  had 
recognised  the  spirillum  in  the  mucus  from  the  mouth  of  recur- 
rent fever  patients,  possibly  having  overlooked  the  circumstance 
that  its  presence  in  this  fluid  was  not  an  abnormality.  Manas- 
sein,^  who,  at  St.  Petersburg,  has  had  favorable  opportunities 
for  observation,  expresses  himself  most  strongly  against  the  sup- 
position that  this  microphyte  is  anything  more  than  an  epi- 
phenomenonin  recurrent  fever.  Not  only  was  it  absent  from 
the  blood  in  certain  of  the  cases  of  fever  examined  by  himself 
and  others,  but  spirilla  precisely  similar  to  those  found  in  other 
cases  were,  during  a  period  of  some  months,  constantly  present 
in  the  secretion  which  flowed  on  pressure  from  an  abscess  which 

»  Cohn's  *  Beitrage,'  Band  i,  Heft.  3, 1875,  p.  197. 

»  Ditto,  Band  i,  Heft.  2  1872,  p.  180. 

»  Ehrenberg  suggested  that  the  term  Spmllum  should  be  restricted  to 
such  of  the  Schizomycetes  as  manifested  spiral  movements  without  flexi- 
bility and  for  those  of  the  group  which  were  distmctly  flexible  he  proposed 
the  term  Spirochate.  As,  however,  the  distinction  is  merely  a  matter  of 
decree,  spirilla  also  manifesting  a  greater  or  less  amount  of  flexibility,  I 
have  adhered  to  Dujardin's  classification.  Fomental  (*  Etude  sur  les  Mi- 
crozoairea,'  1874)  adopts  the  older  and  simpler  term  for  a  like  reason. 

*  '  St.  Petersburg,  medicin.  Wochenschnft,'  No.  18, 1876. 
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opened  into  the  mouth  of  a  fever-free  patient.  Billroth  also  states 
that  similar  spirilla  were  foond  in  connection  with  caries  of  bone. 

Heydenreich^  who  probably  has  investigated  this  msftter  as 
carefully  as  any  observer^  and  written  the  fullest  account  of  it 
which  has  come  under  my  notice,  notwithstanding  his  manifest 
desire  to  claim  for  the  spirillum  a  causative  relation  to  the 
disease^  is^  nevertheless^  compelled  to  own  that  sufficient  reason 
has  not  been  shown  to  warrant  its  being  described  as  specifically 
different  from  the  spirillum  of  water  and  the  ordinary  spirillum 
of  the  mouth.^ 

In  May,  1877,  I  had  an  opportunity  of  observing  cases  of 
fever  in  Bombay  in  which  Dr.  Vandyke  Carter  had  demonstrated 
the  existence  of  spirillar  organisms  in  the  blood.  Dr.  Carter 
has  recently  published  an  interesting  account  of  his  observa- 
tions.2  These,  as  far  as  the  abstract  of  the  paper  submitted  to 
the  Pathological  Society  shows,  coincide  closely  with  like  obser- 
vations in  Europe.  During  my  stay  in  Bombay  I  had  an 
opportimity  of  examining  twenty-five  cases  of  the  disease,  and 
oDserved  the  spirillum  in  five  of  these  on  several  occasions.  It 
could  not,  however,  be  said  that  the  other  subjective  symptoms 
in  these  cases  were  more  grave  than  in  other  cases  of  the  fever, 
in  which  not  a  trace  of  the  spirilla  could  be  found. 

One  of  the  preparations  of  blood,  containing  these  organisms, 
which  I  was  able  to  preserve,  is  a  particularly  good  one,  and  as 
it  was  obtained  bj  exposing  the  fluid  immediately  on  its  removal 
to  the  fumes  of  a  weak  solution  of  osmic  acid,  it  may  be  con- 
sidered as  representing  the  spirilla  exactly  as  they  appeared  in  a 
perfectly  fresh  slide.  The  fumes  of  this  acid,  as  has  been  stated 
by  several  observers,  are  particularly  useful  in  preserving  the 
natural  appearance  of  these  microphytes,  as,  indeed,  of  blood 
preparations  generally.  Professor  Kay  Lankester,  when  recom- 
mending its  use  to  English  observers,  wrote :  "  It  is  sufficient 
to  expose  a  thin  film  of  blood  on  a  glass  cover  to  the  vapour 
arising  from  a  bottle  containing  a  two  per  cent,  solution  of  osmic 
acid,  during  three  minutes,  to  ensure  its  complete  preservation. 
Every  corpuscle  thus  becomes  *  set,*  as  it  were,  in  its  living 
form ;  there  is  no  coagulation,  no  shrinking,  no  dissolution ;  but 
as  the  corpuscle  was  at  the  moment  of  exposure  to  the  vapour  so 
it  remains.  The  white  corpuscles  even  exhibit  their  pseudopo- 
dial  processes  arrested  in  the  act  of  movement.  It  is'as  though 
the  osmic-acid  bottle  contained  a  Gorgon's  head,  which  freezes 
the  corpuscles,  as  they  face  it,  into  stone.^'* 

I  have  prepared  several  micro-photographs  of  this  slide  in  the 

»  Op.  cit.  p.  31. 

^  '  The  Lancet/  June,  1878. 

'  '  Qaarterly  Journal  of  Microscopical  Science,  vol.  xi,  p.  370, 1871. 
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hope  of  being  able  to  supply  facsimile  copies  of  some  of  them 
with  this  paper.  I  fear,  however,  that  it  will  not  be  practicable 
to  obtain  reproductions  of  the  negatives  by  any  of  the  permanent 
photographic  processes  practised  in  Europe  in  sufficient  time  to 
permit  of  their  publication  at  present.  I  have  therefore  caused 
tracings  of  some  of  the  leading  forms  to  be  made  and  have  had 
them  engraved  on  wood  (fig*  17).^ 


Fig.  17. — Spirilla  in  the  blood  of  fever  patients  in  Bombay ;  traced  from 
micro- pboiographs  taken  with  Ross  ■^''  immersion  objective.  Some 
of  the  longer  spirilla  in  the  woodcut  are  in  the  micro-photographs  seen 
to  consist  of  two  fibrils  loosely  attached  at  the  ends.  This  peculiarity 
cannot  be  reproduced  in  the  engraving.  Several  of  the  blood- 
corpuscles  present  a  stellate  appearance. 

In  the  last  number  of  Cohn's  '  Beitra^e'  (Band  II,  Heft  3), 
Dr.  Koch  has  supplied  some  excellent  micro-photographs  of  the 
spirilla  as  observed  at  St.  Petersburg.  The  spirilla  m  the  osmic- 
acid  preparation  which  I  possess,  though  presenting  the  same 
general  characters  as  those  in  Dr.  Koch's  photographs^  are  some- 
what thicker  than  those  depicted  in  the  latter ;  whether  this 
points  to  any  slight  difference  in  the  blood  between  the  fever 
which  prevailed  in  Bombav  last  year  and  the  fever  which  pre- 
vailed in  St.  Petersburg  I  am  not  prepared  to  say^  but  this 
muchj  I  thinks  I  may  venture  to  state^  namely,  that  the  differ- 
ence between  the  spirilla  in  the  preparation  in  my  possession 
and  those  received  from  St.  Petersburg,  as  photographed  by  Dr. 
Koch,  or  the  spirilla  sketched  by  Weigert  (fig.  15),  is  as  great 
as  the  dijSerence  which  exists  between  the  Spirillum  Ober" 
meieri  and  the  Spirillum  plicalile,  on  the  one  hand,  and  the 
Spirillum  of  the  mouth  on  the  other.  As  has  already  been 
seen,  these  differences  are  exceedingly  trivial^  and  it  is  quite 
possible  that  such  slight  differences  may  exist  in  these  micr(^hytes 
in  different  persons  during  the  same  epidemic,  and  at  different 

^  Two  of  these  micro-photographs  will  be  found  reproduced  as  permanent 
photographs,  by  the  Autotype  Company,  in  the  origmal  memoir. 


Digiti 


zed  by  Google 


TIMOTHY  RICHARDS  LEWIS, 

times  in  the  same  individual,  as  has  been  shown  to  be  the  case 
in  the  preceding  pages  with  regard  to  the  bacilli  in  the  blood. 

It  may  be  useful  to  say  a  few  words,  in  passinff,  regarding 
the  fever  which  was  so  prevalent  in  Bombay  dunng  a  great 
part  of  1877,  as  some  misapprehension  appears  to  exist  as  to 
its  eiutct  character.  What  is  described  as  recurrent  fever,  and 
sometimes  as  bilious  typhus  or  bilious  remittent  fever,  and 
recurrent  typhus,  in  Germany,  is  frequently  assumed  in  England 
to  be  the  same  as  the  '' relapsing-famine  fever,'*  which  was 
witnessed  some  years  ago  in  Ireland  and  elsewhere.  Whether 
in  reality  the  latter  fever  was  or  was  not  the  direct  ofifspring  of 
want  is  not  a  matter  calling  for  comment  here,  but  what  is  very 
definitely  known  is  that  outoreaks  of  recurrent  fever  in  various 
parts  of  Eussia  and  Germany,  and  which  were  Tound  to  be 
associated  with  spirilla  in  the  blood,  have  occurred  in  districts 
wholly  unassociated  with  want  of  any  kind.  In  some  cases, 
indeed,  the  outbreaks  occurred  in  districts  and  during  periods 
in  which  the  labouring  classes  were  exceptionally  well  off.  This 
is  a  point  concerning  which  no  doubt  whatever  can  exist.  With 
regard  to  the  supposed  connection  of  the  fever  in  Bombay  with 
the  famine  which  prevailed  in  certain  parts  of  the  country,  I 
can  onlv  state  that,  so  far  as  I  could  gather  as  the  result  of 
personal  observation  and  careful  inquiry,  no  sufficient  grounds 
existed  to  warrant  any  such  supposition ;  and  Surgeon-General 
Hunter,  after  a  most  careful  analysis  of  the  official  records, 
and  writing  from  personal  acquaintance  with  the  disease,  thus 
sums  up  his  report  on  this  particular  point :  "  Any  distinct 
causal  connection,  therefore,  between  the  famine  and  the  fever 
must  be  abandoned."' 

It  thus  follows  that  the  term  *'  relapsing-famine  fever  "  is  not 
applicable  to  the  affection  hitherto  associated  with  spirilla  in  the 
blood,  whether  in  Germany,  Eussia,  or  Bombay. 

H. — TAe  probabilities  in  favour  of  tie  Bacilli  and  Spirilla  of  the 
Blood  being  Epi-phenomena. 

There  is  one  circumstance  in  connection  with  the  microscopic 
appearance  which  these  organisms  sometimes  present  which 
deserves  special  mention,  as  it  may  serve  ais  an  explanation  of 
their  sudden  disappearance  from  the  blood ;  and  that  is  that  they 
may  present  a  well-marked  beaded  or  rosary- chain  appearance 
(fig.  18).  This  feature  I  was  able  to  observe  on  one  occasion 
only.  The  spirilla  of  the  ordinary  character  were  plentiful  in 
this  person's  blood  on  the  evening  previous  to  the  day  on  which 
this  observation  was  made,  but  when  examined  otf  the  following 

»  'Indian  Medical  Gazette/^ctober  1st,  1877. 
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morning  there  were  only  linked  or  rosary-chain  spirilla  in  his 
blood.  They  were  not  very  numerous,  and  their  movements  were 
not  of  that  rushing  character  ordinarily  observed,  but  conveyed 
the  impression  of  tumbling  across  the  field. 


Fig.  18.— Beaded  or  rosary-chain  appearance  assumed  by  the  spirilla  found 
in  the  blood  of  a  fever  patient  at  Bombay  (sketched  as  seen  by  llart- 
nack's  immersion  objective  No.  9,  ocular  4). 

The  inference  which  such  an  observation  appears  to  warrant  is, 
that  when  the  blood  acquires  a  certain  as  yet  undetermined  condi- 
tion it  becomes  unadapted  to  the  existence  of  spirilla,  and  that 
the  fibrils  thereupon  undergo  segmentation,  after  the  manner  of 
other  schizomycetes  [compare  with  fig.  11,  PI.  XVII],  and  the 
separated  plastides  become  diffused  throughout  the  circulation ; 

Eossibly,  they  then  gradually  disappear  in  the  same  manner  as  we 
ave  seen  other  plastides  (minute  bacteria,  fee),  disappear  very 
rapidly  after  being  injected  into  the  circulation.  This  appears 
to  me  to  be  more  probable  than  that  they  continue  in  the  circula- 
tion until  the  blood  reacquires  the  state  suitable  to  their  growth 
into  fibrils,  seeing  that  the  time  for  their  return  is  so  uncertain 
— it  may  be  two  days,  may  be  six  days,  or  a  fortnight  even,  and 
perhaps  they  may  not  return  at  all.  Be  that  as  it  may,  it  is 
clearly  evident  that  their  existence  as  spirilla  is  dependent  on 
the  composition  of  the  fluids  of  the  body. 

Heydenreich  suggests  that  their  disappearance  is  due  to  the 
elevated  temperature  of  the  blood  at  the  height  of  a  paroxysm. 
If  that  were  the  case,  they  ought  to  become  more  numerous  with 
the  fall  of  temperature  after  death,  but  it  is  well  known  that  they 
disaf)pear  exceedingly  rapidly  when  life  becomes  extinct,  in  this 
respect  offering  a  marked  contrast  to  other  members  of  the  cleft- 
fungi  group— bacteria  and  bacilli. 

The  fact  of  their  total  disappearance  immediately  after  death, 
probably  even  before  death  actually  takes  place,  is  very  signifi- 
cant, as  showing  the  extremely  close  relation  which  exists  between 
them  and  the  blood  in  living  tissues,  seeing  that  when  the  blood 
is  removed  from  the  body  the  spirilla  will,  under  favorable  con- 
ditions, retain  their  power  of  locomotion  for  several  hours  or 
days.     What  these  subtle  changes  of  the  blood  during  fever  pro- 
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cesses  may  be,  chemistry  and  physiology  have  not  yet  revealed ;  we 
can  therefore  only  judge  of  them  by  the  changes  of  the  tempera- 
ture^ &C.9  of  the  patient ;  and,  in  the  particular  condition  under 
consideration  by  the  occasional  appearance  and  reappearance  of 
spirilla,  whose  presence  is  manifestly  dependent  on  antecedent 
changes.  That  the  temperature  commences  to  rise  and  that  other 
subjective  symptoms  are  manifested  before  the  appearance  of 
spinlla  testifies  to  this,  for  it  cannot  be  that  they  can  exert  an 
influence  before  they  are  themselves  existent. 

Dr.  Charles  Murehison,  at  the  discussion  on  the  germ- 
theory  of  disease  at  the  Pathological  Society,^  put  this  matter 
very  clearly  when  he  said :  "  The  fact  that  in  relapsing  fever  and 
sheep-pox  distinct  forms  of  bacteria  have  been  found  in  no  way 
proves  any  casual  relationship  between  these  diseases  and  the 
bacteria,  and  is  readily  accounted  for  by  the  acknowledged  fact 
that  the  form  taken  by  many  minute  growths  depends  not  upon 
the  germ,  but  upon  the  nature  of  the  medium  in  which  it  grows. 
Indeed,  the  observations  which  have  been  made  on  the  spirilla  of 
relapsing  fever  are  strongly  in  favour  of  this  view,  for  they  are 

E resent  in  the  blood  during  the  first  paroxysm,  but  disappear 
efore  the  crisis  ;  are  absent  during  the  intermission,  but  return 
with  the  relapse  of  fever,  and  again  disappear  before  the  crisis. 
It  seems  difficult  to  account  for  their  appearance  and  annihilation 
twice  over,  except  on  the  supposition  that  the  soil  was  suitable 
for  their  development  during  the  febrile  process,  and  unsuitable 
when  the  febrile  process  was  complete.  The  remarks  which 
Dr.  Bastian  made  in  opening  the  same  discussion  on  his  very 
interesting  observation  as  to  the  presence  of  bacteria  in  the  fluid 
of  a  blister-bleb  of  a  febrile  patient  so  long  as  the  bleb  remained 
intact  for  forty-eight  hours,  whereas  in  the  fluid  of  a  blister  from 
a  healthy  person  no  such  appearances  would  be  seen,  point  in  the 
same  direction. 

A  like  conclusion  must  be  arrived  at  regarding  the  bacilli  in 
malignant  pustule,  seuticsemia,  and  the  so-called  "  typhoid  fever  " 
in  the  pig,  horse,  ana  other  animals.  With  regard  to  the  micro- 
phytes just  named,  it  may  be  confidently  stated  that  they  are 
never  to  be  detected  in  the  earlier  stages  of  the  disease,  but  only 
at  a  brief  period  before  and  after  a  fatal  termination.  To  my 
knowledge  they  have  never  been  found  in  the  blood  of  animals 
which  have  subsequently  recovered;  they  have  always  been 
recognised  only  as  one  of  the  concomitants  of  impending  dissolu- 
tion. This  is  undoubtedly  the  case  so  far  as  the  two  diseases 
first  cited  are  concerned,  and  judging  from  what  is  known  regard- 
ing them,  I  presume  that  the  development  of  such  organisms  in 
the  blood  of  the  inoculated  pigs  was  not  one  of  the  symptoms 
»  'The  Lancet'  and  ' British  Medical  Journal,'  Aprils  1875. 
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which  Dr.  Klein  had  observed  as  indicative  that  the  bacilli  which 
had  been  introduced  into  the  system  of  the  animals  had  induced 
the  disease.  Should  this  inference  prove  to  be  correct^  it  is 
somewhat  difficult  to  understand  on  what  grounds  so  emphatic 
an  opinion  could  have  been  expressed  as  to  their  specific  action. 
It  does  not  appear  that  Leisering  in  his  account  of  like  organisms^ 
in  apparently  the  same  disease  of  the  pig  (as  already  mentioned), 
had  found  them  in  any  but  fatal  cases. 

I. — The  evidence  which  ha%  been  adduced  shotoing  that  the  viru* 
lenee  of  Septinaue  Substances  is  not  dependent  on  vegetable 
life. 

Seeing  that  so  much  evidence  can  be  adduced  to  show  that 
these  organisms^  whether  bacilli  or  spirilla^  are  but  epi-pheno- 
mena,  the  specific  change  in  the  fluids  of  the  body  having  taken 
place  before  the  slightest  indication  of  their  presence  can  be 
detected,  the  question  which  naturally  suggest  itself  is :  whether 
sufficient  evidence  exists  to  show  that  inoculations  can  be  ejSected 
with  like  material  in  the  absence  of  such  living  organisms.  The 
reply  to  this  question^  so  far  as  anthracoid  and  cognate  diseases 
are  concerned^  is  distinctly  in  the  affirmative ;  but,  with  regard 
to  recurrent  fever^  it  cannot  be  as  yet  definitely  stated  that  the 
malady  is  inoculable,  so  that  for  the  present  it  may  be  left  out  of 
consideration. 

When  Brauell  published  his  paper  in  '  Virchow's  Archiv '  in 
1858,  detailing  his  experiments  to  prove  that  splenic  fever  was  an 
inoculable  disease,  he  further  stated  the  opinion  that  the  organ- 
ism found  in  the  blood  could  not  be  the  carriers  of  the  virus, 
seeing  that  blood  not  containing  bacilli  had  been  found  to  gene- 
rate the  disease.  Bouley  has  arrived  at  a  similar  conclusion,  and 
Bollinger,  who  has  repeated  Brauell's  and  Bouley's  experiments, 
has  also  shown  that  the  disease  may  exist  without  the  presence 
of  bacilli  in  the  blood,  that  such  blood  will  induce  the  disease  in 
other  animals,  and  that  even  under  such  circumstances  organisms 
may  develop  in  the  blood  of  the  inoculated  animal,  and  be 
detected  during  life  as  well  as  after  death.^ 

Similar  observations  have  been  made  with  xegBii  to  septicsemia 
and  the  allied  disease-conditions  associated  with  the  presence  of 
bacilli,  some  of  which  have  been  already  referred  to.  M.  Colin, 
for  example,  found  that  ^  60*606  of  *  "''op  of  septicsemia-blood 
would  kill  a  rabbit  in  36  hours  when  inoculated  by  means  of  a 
lancet ;  that  the  virulent  property  existed  before  the  appearance 
of  rod-bacteria ;  and  that  the  pernicious  character  of  the  fiuid 

^  0.  Bollinger,  'Zar  Fatholoeie  des  Milzbrandes/  Munchen,  1872. 
Quoted  in  *  Schmidt's  Jahrbucher,  Bd.  clxxi,  p.  205, 1875. 
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became  evident  contemporaneously  with  the  advent  of  very  minute 
spherical  bodies,  the  consequences,  as  Colin  believes,  of  the 
altered  character  of  the  blood.^ 

It  has  been  repeatedly  demonstrated  that  the  poisonous  pro- 
perties of  septinous  blood  and  of  other  decomposing  animal 
solutions  graaually  disappear  towards  the  third  or  fourth  day,  a 
fact  which  is  scarcely  reconcilable  with  the  doctrine  that  the 
poison  resides  in  the  apparently  almost  imperishable  '  spores '  of 
the  bacilli  which  existed  during  the  earlier  stages  of  decomposition. 
A  like  feature  characterises  the  virus  of  splenic  disease,  of  small- 
pox, and  of  syphilis.  HiUer,*  in  summarising  the  results  of 
nitration  of  septinous  fluids,  writes  that  the  most  decisive  ex- 
periments have  demonstrated  that  after  filtration  through  finely 
porous  material,  such  as  charcoal,  porous  earthenware,  compressed 
wadding,  &c.,  until  the  fluids  have  been  shown  to  be  absolutely 
free  from  visible  molecules  of  every  description,  they  are,  never- 
theless, still  competent  to  induce  all  the  symptoms  which 
characterised  their  action  before  such  filtration.  These  results 
Hiller  says,  were  arrived  at  by  Panum,  Bergmann,  Weidenbaum 
Wolff,  Kiissner,  and  others. 

To  the  first-named  of  these  observers  belongs  the  merit  of 
having  contributed  some  of  the  earliest  and  most  valuable  ob- 
servations which  have  been,  hitherto,  recorded  in  connection  with 
the  nature  of  the  poison  existing  in  certain  solutions  of  decom- 
posing animal  matter.  Fanum's  researches  were  published  so 
far  back  as  1855,  but  having  originally  appeared  in  Danish  they 
had  for  several  years  been  to  a  great  extent  overlooked.  They 
were  brought  more  prominently  into  notice  on  their  publication  in 
1874  in  '  Virchow's  Archiv.'  In  1875  ^  Dr.  Cunningham  and 
myself  drew  attention  to  these  experiments,  as  we  have  found  that 
the  results  of  observations  made  by  us,  with  a  like  object,  based 
on  a  series  of  experiments  which  included  the  inoculation  and 
dissection  of  about  170  dogs,  were,  in  so  far  as  they  were  com- 
parable, almost  in  complete  accord  with  those  which  had  been 
obtained  by  this  distinguished  experimentalist. 

Panum  found  that  the  coagulum  produced  bv  boiling  a  sep- 
tinous fluid  was  more  virulent  than  the  fluid  itself.  The  principal 
facts  demonstrated  by  him  may  be  thus  summarised  :— 

(1)— That  the  perfectly  clear  fluid  which  may  be  obtained  by 
filtering  solutions  of  putrefying  animal  substances  through  several 

*  "  Nouvelles  recherches  sur  raction  dcs  mati^res  putrides  et  sur  la 
septicfemie."  'Bulletin  de  rAcad6mie/  October,  1873;  cited  by  Birch- 
Hurschfeld,  1.  c,  p.  174. 

2  ♦'Ueber  putrides  Gift,'* '  Centralblatt  fiir  Chirurgie,'  Nos.  10, 11,  and 
12, 1876. 

*  '  Cholera :  Microscopical  and  Pbjsiological  Researcbes,'  Series  U. 
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layers  of  filtering  paper  would  indace  the  characteristic  symptoms 
of  the  same  kind  as  the  unfiltered  material. 

(•2) — ^That  boiling  such  a  fluid  for  even  11  hours  would  not 
materially  impair  its  toxic  properties. 

(8) — That  although  an  alcoholic  extract  of  such  a  fluid  proved 
to  be  inert^  the  virulent  action  of  a  watery  extract  of  the  same 
fluid  was  very  intense. 

Fanum  therefore  concludes  that  a  fluid  which  can  retain  its 
specific  property  after  being  filtered^  boiled^  evaporated  to  dryness^ 
and  the  residue  digested  in  cold  and  in  boiling  alcohol^  then  re- 
dissolved  and  again  filtered,  cannot  owe  this  property  to  living 
organisms  of  any  kind. 

In  1865  Dr.  W.  B.  Richardson  showed  that  the  sero-san- 
guineous  fluid  from  the  peritoneal  cavity  of  a  person  suffering 
from  pyaemia  would  communicate  fatal  disease  from  one  animsu 
to  another  in  a  direct  series,  and  that  the  poison  (designated 
"  septine  ")  which  effected  this  could  be  made  to  combine  with 
acids  so  as  to  form  salts  which  retained  the  poisonous  qualities  of 
the  original  substance.^  A  few  years  later  (1868),  Bergmann 
succeeded  in  obtaining  apparently  a  similar  substance  and  named 
it  Sepsin.^  This  poison  induced  symptoms  of  a  like  character  to 
what  are  induced  by  putrefying  solutions,  and  was  frequently 
even  more  fatal,  in  very  small  doses.  Still  it  appears  to  reproduce 
symptoms  exactly  similar  to  the  original  material,  in  this  respect 
differing  slightly  from  Panum's  ''  putrid  extract/'  which  repro- 
duces the  ordinary  symptoms  of  septic  poisoning  without  any 
modification  whatever. 

To  Pasteur  and  his  adherents,  who  ascribe  what  may  be  almost 
termed  supernatural  powers  of  resistance  to  the  "resting  spores'' 
of  anthracoid  and  other  diseases,  the  facts  adduced  in  the  fore- 
going paragraphs  can  carry  but  little  weight.  But  another 
series  of  phenomena  have  been  recorded  which  point  in  the  same 
direction.  It  has  been  shown  that  the  living  tissues  of  the  body 
will  under  certain  conditions,  when  irritated  by  means  of  purely 
chemical  irritants — such,  for  example,  as  a  strong  solution  of 
iodine  or  liquor  ammonia — secrete  a  fluid  which,  when  transferred 
from  animal  to  animal,  proves  not  one  whit  less  virulent  in  its 
properties  than  an  exudation  which  has  resulted  primarily  from 
the  introduction  into  the  system  of  material  which  has  swarmed 
with  bacilli.  Observations  to  this  effect  have  been  published  by 
many  observers,  and  Dr.  Cunningham  and  myself  have  placed  on 
record  that  we  found  a  large  number  of  bacteria  in  the  blood  of 
a  dog  which  had  died  as  a  result  of  such  chemical  irritants. 

»  'The Lancet'  AprU  3rd,  1875, p.  490. 

'  *  Centr^bl.  f.  d.  medicin.  Wissensch./  1868,  p.  497 ;  cited  by  Dr. 
Araold  Hilftri  op.  eit. 
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These  bacteria  could  not  have  been  the  caase  of  deaths  nor^  most 
assuredly,  could  thev  have  derived  their  origin  from  the  liquor 
ammonia  which  had  been  resorted  to  to  excite  the  inflammatory 
process. 

It  would  seem  from  these  results  that  the  living  tissue  elements 
of  the  body  itself  play  a  much  more  important  part  in  the 
elaboration  of  septinous  and  allied  poisons,  than  what  has  been 
of  late  ordinarily  ascribed  to  them. 

Such,  so  far  as  I  have  been  able  to  learn,  are  the  main  facts 
which  have  been  recorded  with  regard  to  the  microphytes  of  the 
blood  in  health  and  in  diseased  conditions. 

Calcutta; 
August,  1878. 


Observations  on  the  Glandular  Epithelium  and 
Division  of  Nuclei  in  the  Skin  of  Newt.  By 
E.  Klein,  M.D.,  F.R.S.    (With  Plate  XVIII.) 

In  number  17  of  the  '  Centralblatt  f.  med.  Wiss.,'  1879,  I 
have  described  giant  nuclei  of  the  huge  epithelial  cells  lining 
the  large  saccular  glands  of  the  skin — tail — of  newt  (Triton 
cristatus).  I  have  shown  that  these  nuclei,  when  examined 
fresh  in  aqueous  humor  of  frog,  show  an  exceedingly  distinct 
netwotk  of  more  or  less  uniform  fibrils  and  trabeculee; 
owing  to  the  lar^e  size  of  the  nuclei  their  network  can  be 
seen  in  all  its  details  even  under  a  low  power.  Many  of 
these  giant  nuclei  show  in  the  network  of  the  highly 
refractive  fibres  and  trabeculse  cylindrical  or  irregular 
accumulations  corresponding  to  nucleoli,  others  are  free  of 
them.  I  have  also  shown  that  both  the  nucleoli,  when  they 
exist,  and  the  fibrils  and  trabecules,  possess  vacuoles  ,*  and 
further,  that  on  the  warm  stage  the  intranuclear  network 
shows  contraction,  whereby  the  outline  of  the  nucleus 
changes  in  a  similar  manner  as  in  cells  while  undergoing 
amoeboid  movement. 

Of  the  gland  cells  themselves  I  have  mentioned  that  they 
likewise  show  amoeboid  movement,  in  the  course  of  which 
larger  or  smaller  knobs  are  pushed  out,  which  become  with- 
drawn or  constricted  off  altogether,  and  then  move  inde- 
pendently. These  cells  are  also  in  other  respects  remarkable, 
viz.  that  they  are  capable  of  ejecting  their  nucleus  (the 
above  giant  nucleus),  and  after  this  continuing  their  move- 
ment. Some  of  them  are  filled  with  discoid  or  spherical  fat 
molecules  of  various  sizes,  and  they  are  capable  of  ejecting 
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with  a  sudden  jerk  the  whole  or  part  of  their  fat  molecules 
and  continuing  afterwards  their  amoeboid  movement.  The 
above  giant  nuclei  vary  considerably  in  size,  the  smallest 
being  21  by  22  /i  (0-021  by  0-022  mm.),  the  largest  126  by 
129  /u  (0-126  by  0129  mm). 

Their  shape  is  very  various^  some  being  spherical,  others 
oval  or  egg-shaped ;  the  largest  examples  are  oval  and 
slightly  compressed.  This  latter  condition  is  ascertained  in 
vertical  sections  through  the  glands  when  the  lining  epithe- 
lial cells  and  their  nucleus  present  themselves  in  profile  view. 

The  intranuclear  network^  contains  fibrils  of  various 
thickness^  either  uniform  or  possessed  of  irregular  thicken- 
ings^ and  larger  or  smaller  trabeculee.  Different  parts  of 
one  and  the  same  nucleus  vary  greatly  in  this  respect.  The 
intranuclear  network  presents  itself  in  its  best  form  in  the 
perfectly  fresh  and  living  nuclei^  that  is^  in  nuclei  that  on 
the  warm  stage  (in  blood  or  humor  aqueous)  show  the 
amoeboid  movement.  Treated  with  reagents,  the  network  is 
less  distinct.  Sections  obtained  of  tail  hardened  with 
chromic  acid  or  picric  acid,  or  a  mixture  of  picric  acid  and 
osmic  acid,  and  subsequently  stained  in  carmine  or  haema- 
toxylin,  show  in  some  of  the  nuclei  a  distinct  network,  in 
others  it  is  not  so  easily  perceived;  but  even  in  the  best 
examples  the  network  is  incomparably  less  perfect  and  clear 
than  in  the  fresh  state  under  the  above  conditions. 

The  arrangement  of  the  network  varies  very  much ;  it  is 
either  a  more  or  less  uniform  reticulum,  or  the  fibres  of  the 
peripheral  part  of  the  network  are  arranged  in  a  transverse 
manner,  so  as  to  give  it  the  appearance  of  a  '^  basket,"  or  its 
fibrils  and  trabeculae  are  more  or  less  radiating  towards  a 
central  point  or  central  line.  Of  great  interest  are  those 
forms  which  consist  of  two  nuclei  joined  by  a  broader  or 
narrower  neck  through  which  the  fibrils  of  the  network  of 
one  pass  into  that  of  the  other. 

When  the  gland  cells  possess  two  nuclei  these  are  either 
completelyseparated  or  in  the  state  just  mentioned.  The  nuclei 
with  this  latter  quality  are  generally  the  smaller  examples. 
Some  of  the  giant  nuclei,  both  the  smallest  as  well  as  the 
largest,in  fresh  as  well  as  in  hardened  specimens, are  possessed 
of  several  larger  or  smaller  knob-like  projections,  whereby  the 
outline  becomes  notched  and  the  nucleus  looks  as  if  lobed. 

In  figures  2, 3, 4,  5,  6,  and  7  I  have  represented  several  of 

'  I  purposely  avoid  the  expression  "  framework"  (geriiste)  used  by  Fiem- 
miog,  oat  use  the  term  (intnmuclear)  network ;  the  former  is  bad,  for  the 
simple  reason  that  the  network  is  the  chief  and  living  part  of  the  nudeu^  ; 
the  term  "  framework  "  (geriiste)  implies  a  passive  stroma. 

VOL.   XIX. N£W  SEE.  D  D 
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the  more  characteristic  forms  of  these  giant  nuclei  examined 
in  the  perfectly  fresh  state  on  the  warm  stage.  Those  in 
figs.  2,  8,  and  6  show  the  basket-shaped  arrangement  of  the 
intranuclear  network.  Figs.  4  and  7  are  probably  dividing 
forms.  Fig.  7  had  been  observed  on  the  warm  stage^  and  it 
showed  slight  amoeboid  movements. 

The  large  thickenings^  nucleoli^  in  figs.  2  and  3  contain 
vacuoles  just  like  some  of  the  broader  trabeculse  of  the 
network. 

The  interstitial  or  interfibrillar  substance  of  the  intra- 
nuclear network  is^  in  the  fresh  state^  quite  homogeneous^  but 
not  fluids  as  can  be  readily  ascertained  by  applying  pressure 
to  the  preparation.  The  limiting  membrane  becomes  then 
indistinct^  and  the  nucleus^  as  a  whole^  greatly  flattened; 
the  parts  of  the  reticulum  are  then  seen  embedded  in  a 
distinct  homogeneous  matrix^  the  refractive  power  of  which 
is  higher  than  the  fluid  menstruum^  but  lower  than  the 
reticulum.  After  hardening  bits  of  tail  in  chromic  acid  (^ 
per  cent.)  or  picric  acid  (two  or  three  parts  of  saturated 
solution  of  picric  acid  and  one  of  water)  and  staining  the 
sections  in  carmine  or  haematoxylin^  the  interstitial  substance 
appears  slightly  stained  in  some,  more  deeply  in  others.  In 
the  first  instance,  the  intranuclear  network  appears  in  all 
its  delicate  details ;  in  the  latter,  it  is  difficult  to  ascertain 
the  fibrils  of  the  network,  and  sometimes  it  even  looks  as  if 
it  were  altogether  absent,  the  whole  nucleus  being  composed 
of  a  uniformly  and  deeply  stained  interstitial  substance. 

If  bits  of  tail  be  treated  with  osmic  acid  (especially  in  the 
shape  of  a  mixture  with  picric  acid),  and  the  sections  be 
stained  in  haematoxylin,  the  interstitial  substance  appears 
uniformly  and  finely  granular,  and  hence  greatly  interferes 
with  the  distinctness  of  the  network. 

The  epithelial  cells  lining,  or^  rather,  filling  the  large 
saccular  or  tubular  glands  situated  in  the  tissue  of  the  tail 
and  opening  by  means  of  a  very  narrow  canal  through  the 
epidermis  on  the  free  surface,  are  of  a  very  huge  size,  and  of  a 
nature  different  from  what  they  have  been  represented  by 
Leydig  (^  Archiv  f.  mikr.  Anat.,'  Band,  xii.,  p.  SIO).  This 
observer  describes  them  (of  Coectliaa,ndSalamandra  maculosa) 
as  composed  of  (a)  the  cell  proper,  viz.  a  protoplasmic 
portion  containing  the  nucleus,  and  {b)  a  frothy  excretion 
attached  to  the  former;  the  cell  proper  is  placed  against  the 
membrana  propria  of  the  gland  sac,  whereas  the  latter  is 
directed  towards  the  duct. 

I  find  tiie  cells  filling  the  gland-sacs  in  the  tail  of  newt 
considerably  differing  from  this  description.    In  some  glands 
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the  outlines  of  the  individual  cells  cannot  be  distinguished ; 
in  others  they  appear  of  the  nature  as  represented  in  fig.  1  of 
Plate  XVIII,  viz.  of  various  sizes;  their  shape  is  either 
cylindrical  or,  more  commonly^  truncated  and  conical^  with 
their  base  situated  on  the  membrana  propria.  Some  appear 
uniform,  others  consist  of  (a)  a  transparent,  apparently  finely 
granular  substance,  forming  about  one  half  of  the  cell  in  a 
longitudinal  direction ;  (b)  the  other  half  is  less  transparent, 
being  filled  with  coarse,  highly  refractive  particles.  In  sections 
of  hardened  specimens  (especially  picric  acid  specimens) 
stained  with  hsematoxylin  or  carmine  the  former  is  seen  to 
be  an  exceedingly  dense  network  of  very  minute  fibrils,^ 
whereas  the  latter  contains,  in  the  meshes  of  a  network  of 
curved  and  twisted  fibrils,  real  granules  and  particles  of 
various  sizes.  The  nucleus  is  situated  in  many  instances  in 
the  transparent  part,  but  next  the  membrana  propria;  in 
others  it  lies  partly  in  the  transparent,  partly  in  the 
granular  portion,  and  in  still  others  it  belongs  almost  entirely 
to  the  latter.     See  fig.  1,  Plate  XVIII. 

Other  cells,  especially  those  near  the  duct,  i.  e.  the  fine 
canal  passing  through  the  epidermis  and  formed  by  a  single 
layer  of  flattened  nucleated  cells,  are  almost  completely 
filled  with  spherical  or  elliptical  or  discoid  globules  of  a 

\  Speaking  of  the  epithelial  cells  lining  the  glands  of  the  cloaca  of 
Triton,  Leydig  (I.e.,  p.  213)  says,  "Thejr  possess  a  vacuolated  frothy  aspect. 
After  reagents  and  using  high  powers,  it  can  be  ascertained  that  this  is 
due  to  a  trellis-  or  network  permeating  the  interior  of  the  cell,  that  it  origin- 
ates from  the  protoplasma  surrounding  the  nucleus,  and  that  the  larger 
trabecule  start  as  it  were  in  a  radial  direction  from  the  nucleus  while  the 
finer  ones  lie  in  the  periphery  of  the  cell-wall."    .    .    . 

"  This  peculiar  structure  of  the  cell  may  be  placed  side  by  side  with  what 
I  communicated  ten  years  ago  of  certain  large  nuclei  of  the  same  animal." 
....  "Ten  years  ago"  would  correspond  to  the  year  1865 — the 
above  article  having  been  evidently  written  in  1S75 — and  the  communi- 
cation was  made  in  '  Vom  £au  d.  Thierischen  Korpers,'  a  work  which  I 
regret  not  to  be  able  to  procure. 

Leydig  continues :  "And  I  may  expressly  mention  that  this  structure 
of  the  cell  may  have  a  much  greater  aistribution ;  at  any  rate,  I  am  able 
to  see  precisely  the  same  structure  in  the  coloured  blood- corpuscles  of  the 
same  amphibian  species  after  acting  upon  them  with  Muller^s  fluid ;  also 
here  a  fine  treliiswork  passes  radially  from  the  nucleus  to  the  periphery  of 
the  cell,  and  at  first  sight  presents  itself  as  'granulation.'"  It  appears 
from  this  that  Leydig  was  tne  first  to  recognise  the  reticular  structure  of 
protoplasm  and  of  the  substance  of  coloured  blood-corpuscles,  having  men- 
tioned it  already  in  1865,  before  Erommann  1867  and  Heitzmann  1873. 

It  is,  however,  important  to  add  that  Leydig,  as  appears  further  on  (1.  c, 
p.  227),  regards  this  reticular  structure  merelv  as  *'  a  certain  transforma- 
tion of  the  protoplasm  in  consequence  of  the  appearance  of  numerous 
cavities."    Tne  trabecular  or  spongr  matter  represents  ''remains  of  the 


original  protoplasm  attached  to  tne  oell-membrane." 
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fatty  nature.  In  the  fresh  state  they  correspond  in  appear- 
ance to  fat-globules,  and  when  treated  with  alcohol  and 
chloroform  are,  except  a  limiting  outline,  entirely  dissolved. 
Hence,  in  sections  treated  with  alcohol  and  oil  of  cloves,  these 
cells  appear  filled  with  perfectly  transparent,  well-defined 
circles  closely  pressed  against  one  another  (see  fig.  1,  Plate 
XYIII).  These  are  the  cells  which  in  the  fresh  state  (on 
the  warm  stage)  while  moving  are  capable  of  ejecting  the 
fiit-globules,  as  stated  above.  It  thus  becomes  intelligible 
how  also  in  the  living  animal  these  cells,  being  situated 
nearest  to  the  duct,  are  capable  of  at  once  ejecting  on  to  the 
surface  of  the  skin  their  fatty  secretion.  And  indeed  we 
find  in  sections  many  ducts  filled  with  the  same  fatty  matter. 
The  question  arises  whether  this  ejection  of  the  fat-globules 
represents  the  sole  manner  of  "  secretion,"  or  whether  this 
process  (viz.  "  secretion  ")  is  associated,  as  in  the  sebaceous 
glands  of  mammals,  with  the  expulsion  of  fat-globules  and 
the  cell  itself. 

I  am  inclined  to  think  that  both  are  possible ;  under  quiet, 
normal  conditions,  I  presume  secretion  is  carried  out  by  the 
cells  next  the  duct  ejecting  their  contents.  Under  violent 
struggles,  however,  when  cul  the  muscles  of  the  tail  are  in 
very  active  contraction,  the  continuous  beautiful  coat  of 
unstriped  muscle  fibres^ — seen  by  Eberth  in  frogs,  and  especi- 
ally by  Leydig  in  the  glands  of  the  cloaca  of  salamandrinee 
as  surrounding  the  ^and-sac — by  its  contraction  will  be 
capable  of  effecting  a  discharge  of  the  cells  themselves  next 
the  duct.  If  a  piece  of  tail  (while  living)  be  thrown  into  a 
hardening  fluid  it  is  for  some  time  actively  moving,  and  the 
surface  of  the  epidermis  becomes  covered  with  minute  white 
spots.  Sections  prove  that  these  are  discharged  gland-cells 
and  their  secretions  lying  at  the  mouth  of  the  ducts. 

The  facts  that  all  cells  lining  these  saccular  glands  show 
amoeboid  movement  on  the  warm  stage,  further^  the  unequal 
size  of  these  cells  (some  are  many  times  bigger  than  others), 
and  some  of  thetb  containing  two  nuclei,  indicate  that  re- 
production is  going  on  amongst  them,  in  order  that  those 
that  become  lost  may  be  replaced  by  others. 

Leydig  states  (1.  c,  p.  138)  that  the  epidermis  of  all  am- 
phibian animals,  like  that  of  all  other  vertebrates,  consists 
of  a  stratum  corneum  and  rete  mucosum. 

A  section  through  the  skin  (of  the  tail)  of  newt  {Triton 
cristatus)  shows  that  this  is  not  the  case,  inasmuch  as  the 
epidermis  does  not  contain  anything  of  a  stratum  corneum, 
as  generally  understood,   and  also  by  Leydig.     In  a  trans- 
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verse  section  through  tail  of  newt  we  notice  that  the  epider- 
mis^ whose  thickness  amounts  to  0*081  to  0*094  mm.^  shows 
a  deep  stratum  consisting  of  one  or  two  layers  of  cells  elon- 
gated vertically  to  the  surface,  their  nucleus  is  generally  oval ; 
then  follow  two  to  three  layers  of  polyhedral  ceDs,  their  nu- 
cleus is  generally  round,  in  some  instances  oval  in  a  hori- 
zontal direction ;  and,  finally,  one  or  two  layers  of  flat  cells, 
their  nucleus  being  flattened  horizontally  and  deeplv  stained 
in  heematoxylin.  The  top  layer  is  always  very  highly  refrac- 
tive, and  as  such  differs  in  a  conspicuous  manner  from  the 
transparent  layers  underneath.  Some  preparations  show 
in  some  places  two  such  layers  of  highly  refractive  cell  plates, 
in  others  only  one,  and  still  in^thers  we  see  one  such  layer  in 
the  act  of  detaching  itself  from  the  layer  underneath.  The 
outlines  of  the  cells,  especially  those  of  the  middle  strata 
are  striated,  numerous  fine  fibrils  passing  from  the  substance 
of  one  cell  into  that  of  its  neighbours,  prickle  cells.  In  pre- 
parations obtained  from  bits  of  tail  hardened  in  a  ^  per 
cent,  solution  of  chromic  acid,  these  connecting  fibrils  are  in 
many  places  of  excessive  length,  the  cells,  probably  through 
shrinking,  having  become  separated  from  each  other  to  a 
much  greater  extent  than  is  ordinarily  seen.  And  here  these 
fibrils  are  distinctly  seen  to  pass  directly  from  the  reticulated 
substance  of  one  cell  into  that  of  its  neighbours,  as  I  de- 
scribed and  figured  it  of  the  cells  of  stratified  epithelium  in 
a  paper  in  the  April  number  of  this  journal. 

Passingly  I  may  mention  the  numerous  migratory  cells, 
with  their  folded  and  constricted  nuclei,  sometimes  drawn  out 
in  fine  filaments ;  further,  the  branched  connective-tissue  cells 
with  an  oblong  nucleus,  and  containing  occasionally  pigment 
granules,  all  these  structures  being  found  in  the  intercellular 
cement  substance  of  the  epidermis. 

The  variability  of  the  highly  refractive  top  layer  of  cells, 
viz.,  whether  one  or  two,  finds  its  ready  explanation  in  the 
fact  easily  noticed  on  observing  newts* (kept  in  water) 
for  several  days,  viz.  that  the  cuticle  is  shed  in  form  of 
a  thin  transparent  membrane.  By  keeping  several  ani- 
mals in  one  vessel  it  is  difficult  to  exactly  estimate 
the  rapidity  and  extent  of  this  process  of  shedding,  but  if 
each  animal  be  kept  isolated,  it  can  be  observed  much 
easier. 

The  following  table  shows  the  exact  rapidity  with  which 
four  adult  newts  shed  their  cuticle  while  observed  during  May 
and  beginning  of  June,  the  animals  being  kept  separately  in 
clear  water : — 
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Female,  No.  1 .  .  May   1  .    7  .  18  .  19  .  93  .  97  .  June  8. 

Female,  No.  8  .  ,  May  81  .  85  .  31  .  June    6  .  18. 

Male,  No.  1     .  .  May   8  .    g  .  14  .  80  .  86  .  89  .  Jane  3. 

Male,  No.  8     ,  .  May  81  .  85  .  June   1  .    8  .  18. 

The  figures  indicate  the  day  when  the  cuticle  is  raised  as 
a  thin  transparent  film  over  the  whole  body  of  the  animal ; 
a  slight  toucn  brings  it  down  in  large  flakes,  but  with  a  little 
care  it  can  be  removed  as  a  whole,  that  of  the  tail  and 
toes  included.  The  first  appearance  of  the  shedding  in  the 
above  animals  is  noticed  already  after  two  or  three  days,  the 
glistening  'surface  of  the  body  becoming  more  or  less  dis- 
tinctly cloudy.  This  gradually  increases,  and  after  a  day  or 
two  we  notice  a  thin,  transparent  membrane  becoming  raised 
over  the  head,  dorsum,  and  abdomen,  when  viewed  in  profile 
in  transmitted  light.  This  rapidly  increases,  and  we  soon 
see  the  whole  animal  enveloped  as  it  were  in  a  bag  formed 
by  that  thin  membrane,  and  raised  above  the  surface  of  the 
animal  to  a  different  extent  in  different  parts.  Thus,  it  is 
mostly  raised  on  the  head  and  extends  gradually  hence  to- 
wards the  posterior  extremities.  The  ''bag  "  is  open  corre- 
sponding to  the  oral  cleft,  and  probably  the  water  getting  in 
at  this  opening  gradually  raises  mechanically  the  bag  from 
the  surface  of  the  animal  while  this  is  swimming  about, 
head,  of  course,  foremost. 

The  cuticle,  when  shed,  preserves  the  character  of  the 
surface  of  the  different  parts  of  the  body,  the  part  derived 
from  the  dorsum  showing  the  uniform  impressions  of  the 
"wans,'' that  from  the  abdomen  showing  a  transverse  arrange- 
ment of  these  impresssions,  that  from  the  tail  and  head 
being  more  or  less  smooth. 

The  cuticle  either  shed  or  removed  by  means  of  a  forceps 
can  be  at  once  placed  into  haemotoxylin,  and  after  staining 
it — which  it  does  readily — can  be  floated,  as  small  segments, 
on  to  a  glass  slide  and  mounted  in  glycerine.^ 

Under  the  microscope  the  cuticle  presents  itself  as  a  single 
layer  of  beautiful  transparent  squamous  polygonal  epithelial 
cells,  each  with  an  oval,  or  sometimes  round,  nucleus  that 
takes  the  staining  very  well.  Some  cells — not  many — pos- 
sess two  nuclei.  According  to  the  nature  of  the  surface  of 
the  part  of  the  body  from  which  the  cuticle  is  derived,  viz. 
whether  smooth  or  with  warts,  we  notice  its  surface  either 
smooth,  or  groups  of  cells  are  raised  into  ^  sipallpj:  or 
larger  coftvpx^ty. 

^  The  eutiele  of  newt  thus  stained  is  a  material  well  suited  for  class 
purposes,  as  it  ^ves  an  abundance  of  permanent  specimens  of  coutiuuous 
masses  of  beautiful  squamous  epithelial  cells. 
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The  thickness  of  the  cells  is  about  0*004  mm.^  the  breadth 
about  008  to  004  mm. 

The  cell-substance  is  generally  not  deeply  stained,  and 
contains  few  pigment  granules  around  the  nucleus. 

As  a  rule,  the  cells  forming  the  convex  sections,  i.e. 
corresponding  to  the  surface  of  the  warts,  are  deeper  stained 
than  those  between ;  the  cells  of  the  cuticle  corresponding 
to  the  front  part  of  the  head  are  also,  as  a  rule,  more  deeply 
stained  than  those  of  the  neck.  Some  of  the  cells  contain 
one  or  more  larger  or  smaller  holes  (vacuoles),  probably  signs 
of  degeneration ;  they  were  noticed  in  the  superficial  cells 
of  other  amphibia  by  F.  E.  Schultze  and  Eberth.  The  cells 
are  separated  by  a  very  well  marked,  highly  refractive  linear 
interstitial  substance,  either  straight  or  more  or  less  curved 
and  sinuous.  The  celb  possessing  a  certain  thickness,  and 
their  lateral  margins  not  forming  quite  a  vertical  plan, 
but  are  more  or  less  slanting  one  way  or  the  other,  it 
follows  that  when  looking  at  the  cuticle  fr'om  the  surface 
we  see  that  the  separating  lines,  viz.  those  marking  the 
margins  of  the  individual  cells  of  one  surface  do  not 
coincide  with  those  of  the  other.  In  connection  with  this 
cuticle  we  notice  numerous  short  tubes,  some  thin,  others 
broad,  opening  with  a  small  mouth  between  the  cells.  Their 
length  is  about  0*04  mm.,  and  their  breadth  is  about  0*018 
or  0*027,  according  to  whether  they  belong  to  the  narrow  or 
broad  variety.  These  tubes  are  made  up  of  a  transparent 
membrane  finely  and  indistinctly  longitudinally  striated,  and 
showing  a  compressed  nucleus  at  or  about  the  opening. 
These  structures  represent,  therefore,  one  or  two  flattened 
cells  rolled  into  a  tube.  In  some  instances  I  can  recognise  the 
linear  suture.  I  need  hardly  add  that  these  tubes  are  the  ducts, 
or  part  of  them,  of  the  numerous  glands  of  the  skin,  shed 
simultaneously  with  the  cuticle.  The  length  of  these  tubes 
being  less  than  half  the  thickness  of  the  whole  epidermis, 
even  of  hardened  specimens,  it  follows  th|it  part  only  of  the 
glandular  ducts  is  shed  with  the  superficial  layer  of  the 
epidermis. 

In  connection  with  these  ducts  there  may  be  S(^en  occasion- 
ally one,  two,  or  three  surrounding  epithelial  cells  removed 
from  the  subjacent  layi^r  qf  thf?  (Epidermis.  There  can  be, 
therefore^  no  doubt  tht^t  tho  vf^Mt  superficial  layei:  of  the  epi- 
4eripis,  whether  9till  b«lQi?gipg  to  this  latter  or  alreadf 
separated,  is  cqipposed  pf  nupl^^t^d  squamQi^  epithelial  oi^Ui , 
not  of  ppn-m)cle$ited  horpy  'ff^uticular  nQieiU^M,''  ns 
maintained  by  Leydjg  (1.  c.)  fQf  ^Hl  amphibia. 

Seeing  then  that  (her^  prists  in  the  adult  n^wi  a  eputi- 
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nuous  and  rapid  shedding  of  the  superficial  layer  of  the  cells 
of  the  epidermis,  it  naturally  follows  that  a  corresponding 
continuous  and  rapid  new  formation  of  epithelial  cells  takes 
place^  and  accordingly  I  investigated  the  epidermis  in  sections^ 
m  order  to  find,  as  I  expected  to  find>  signs  of  division  of 
cells  and  their  nuclei.  The  adult  newt  being  an  animal 
easily  procured  during  the  greater  part  of  the  year,  and  its  ele- 
ments being  considerably  larger  than  most  other  vertebrates, 
easily  accessible,  would,  therefore,  be  a  good  object  for 
studying  those  exceedingly  interesting  phenomena  accom- 
panying the  division  of  nuclei,  as  first  described  by 
Strasburger,  Biitschli,  Mayzel,  Eberth,  Hertwig,  Auerbach, 
Balfour,  and  especially  very  recently  in  the  beautiful  obser- 
vations of  Flemming,  Schleicher,  and  Peremeschko.  My 
expectations  were  fully  realised  by  the  examination  of  the 
epidermis  of  the  adult  newt,  and  I  will  here  describe  the 
appearances  presented  by  the  dividing  nuclei  of  the  epider- 
mis very  briefly,  since  my  observations  in  many  respects  fully 
coincide  with  those  of  Flemming  and  Peremeschko,  observed 
by  the  former  in  Salamandra  maculosa  and  its  embryo,  by 
the  latter  in  the  embryo  of  Triton  cristatus.  Following  the 
plan  of  Flemming  (*  Archiv  f.  mikro  Anat.,*  End.  xvi,  p. 
S6S),  I  hardened  my  object  in  picric  acid  or  chromic  acid 
and  stained  it  afterwards  in  heematoxylhi,  and  I  found  it 
verjr  good  for  the  demonstration  of  the  different  forms  of 
dividing  nuclei.  The  picric  acid  I  used  is  a  mixture  of  two 
or  three  parts  of  a  saturated  solution  and  one  part  of  water, 
the  chromic  acid  is  a  ^  per  cent,  solution.  Bits  of  tail 
— about  i  or  i  inch  long — are  placed  in  either  of  these 
fluids  and  kept  there  for  seven  to  ten  days,  they  are 
then  placed  for  a  short  time  (J  or  -^  hour)  in  spirit,  em- 
bedded and  used  for  cutting  fine  vertical  sections.  These 
are  thoroughly  washed  in  water,  stained  in  very  dilute 
hsematoxylin  and  then  prepared  in  the  ordinary  way  for 
mounting  and  preserving  in  solution  of  Canada  balsam. 
The  sections  prepared  in  picric  acid  are  preferable  to  those 
in  chromic  acid,  although  the  latter  have  many  good  points 
about  them. 

The  phenomena  of  division  of  nuclei  to  be  observed  in 
these  specimens  are  confirmatory  of  the  statements  made 
by  Flemming  in  his  very  exhaustive  article,  in  which  he 
minutely  describes  the  different  changes  the  intranuclear 
network  undergoes  during  division,  as  observed  by  him  in 
the  living  state  and  after  reagents.  In  the  same  paper 
Flemming  gives  an  •  exhaustive  and  critical  review  of  the 
observations  and  assertions  on  the  same  subject  by  his  pre- 
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decessoTs^  and  I  can  therefore  omit  detailed   references  to 
other  observers. 

We  notice  in  such  a  section  that  the  nuclei  of  the  two 
deeper  layers  of  cells  are  oval,  and  placed  vertically  to 
the  surface ;  they  possess  a  sharp  limiting  membrane,  and 
contain  a  uniform  reticulum,  intranuclear  network,  varying 
between  the  reticulum  of  minute  fibrils  to  that  of  a  spongy 
honeycombed  structure.  The  interstitial  substance  of  this 
reticulum  is  homogeneous  and  transparent  in  logwood.  There 
is  no  trace  of  any  nucleolus.  Division  of  nuclei  being 
limited  to  these  two  layers,  we  are  justified  in  considering 
them  as  in  a  ripe  state,  and  we  have,  therefore,  here  much 
additional  evidence  that  the  nucleolus  is  not  a  necessary 
feature  in  the  structure  of  a  nucleus,  and  that  it  is  alto- 
gether absent  in  nuclei,  that  may  be  regarded  as  ripe  and 
fully  formed  (see  figs.  8  and  9,  Plate  XVIIl).  The 
nuclei  of  the  middle  strata  of  the  epidermis  show  a  more 
or  less  distinct  reticulum,  and  in  it  larger  or  smaller  accu- 
mulations— nucleoli ;  the  interstitial  substance  is  homo- 
geneous, but  in  many  cases  more  or  less  stained  in  hsema- 
toxylin. 

In  all  cases,  however,  we  find  the  small,  bright  dots 
included  in  the  network ;  these,  as  stated  by  me  on  so  many 
occasions,  are  fibrils  of  the  reticulum  viewed  in  optical 
section. 

Amongst  the  nuclei  of  the  two  deep  layers  of  cells  we 
notice  some  that  are  somewhat  larger  than  the  rest,  and 
contain  very  beautiful,  deeply  stained  fibrils,  either  twisted 
and  coiled  into  a  more  or  less  dense  convolution  (Flemming), 
or  arranged  like  a  basket  (Eberth),  viz.  most  fibrils  are  peri- 
pheral, and  have  a  transverse  direction  ;  hence,  the  surface 
of  the  nucleus  in  the  latter  case  shows  a  transverse  striation. 
But  in  both  instances,  viz.  the  ^*  con  volution ''  and  the  "basket,^' 
the  fibrils  are  connected  into  a  network  (see  figs.  10 — 18,  PI. 
XY III) .  The  membrane  of  the  nuclei  showing  this  arrange^ 
ment  is  less  marked  than  in  the  other  nuclei  of  the  ordi- 
nary kind,  appearing  not  as  a  continuous  structure,  but 
more  or  less  due  to  the  close  position  of  the  fibrils. 

These  forms  are  regarded  by  Flemming  as  the  initial  stages 
of  the  coming  division  of  the  nucleus.  I  do  not  find  anything 
that  would  be  contrary  to  such  an  explanation.  Like 
Flemming,  I  find  all  forms  intermediary  between  the  ordinary 
nucleus  as  above  described  and  the  enlarged  nuclei  with 
*^  convolutions"  or  basket-shaped  arrangement  of  the  intra- 
nuclear network. 

In  some  cases  the  "  convolutions  '^  are  very  dense,  and 
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hence  nany  of  the  fibrils  are  seen  endwise  as  bright  dots  or 
^^  granules.*'  This  appearance  is  incorrectly  interpreted 
by  Mayzel^  Eberth,  and  especially  Schleicher  and  Pereme- 
schko,  who  describe  the  nuclei  as  at  first  containing 
*'  granules/^  which  gradually  arrange  themseWes  into  fibrils. 
I  am  at  one  with  Flemmin^  in  opposing  such  an  interpre- 
tation^ since  I  maintain,  with  him,  that  before  the  fibrils 
arrange  themseWes  into  **  convolution  "  and  *^  baaket/'  there 
is  already  a  well-formed  reticulum  in  the  nucleus. 

Nuclei  of  this  kind  can  be  seen  in  the  deepest  and  in  the 
next  following  layer. 

Then  we  find  nuclei  somewhat  larger,  but  without  any 
limiting  membrane  whatever ;  they  may  be  described  with 
Flemming  as  containing  deeply-stained  filaments  arranged 
in  the  shape  of  a  "  rosette  *^  or  "  wreath  ;*'  the  filan:rnts  are 
in  difierent  examples  of  different  thickness;  they  form  a 
loop  at  the  periphery,  and  approach  each  other  in  the  centre 
(see  figs.  14,  17  and  18).  Between  the  nuclei  with  '^  con- 
volutions "  or  "  basket  "-shaped  arrangement  of  filaments, 
and  those  in  which  the  latter  form  a  *'  rosette  "  or  **  wreath," 
we  find  many  intermediary  forms.  See  also  Flemming,  1.  c, 
p.  876,  and  the  beautiful  figures  on  Plate  XVII,  accompany- 
ing his  paper. 

Further,  we  pass  from  these  to  large  nuclei,  also  without 
any  membrane,  in  which  the  deeply-stained  fibrils  are 
arranged  like  a  single  aster  ("  Monaster''),  apparently  termi- 
nating freely  at  the  periphery,  but  connected  into  a  central 
network.  Mr.  Balfour  has  also  described  and  figured  this 
form  as  the  "  stellate  variety  "  of  dividing  nuclei  of  the 
developing  ova  of  the  embryo  (this  Journal,  No.  Ixxii,  p. 
395).  Like  Flemming,  I  also  find  the  fibrils  of  this  form, 
as  a  rule,  much  thicker  than  in  any  of  the  preceding  ones 
(see  fig.  19). 

Next,  we  trace  these  into  nuclei  without  a  membrane,  in 
which  the  fibrils  are  similar  in  appearance  to  the  preceding 
ones,  but  arranged  as  a  double  aster  '^  (Dyaster) ''  (see  figs. 
20,21,22). 

The  majority  of  the  forms  described  as  '' rosette'*  or 
"  wreath,"  and  as  "  monaster  "  and  *'  dyaster,"  are  found 
amongst  the  deepest  layer,  but  occasionally  we  meet  one  or 
the  other  of  them  in  the  next  following,  or  even  the 
further  layer ;  th^y  arp  all  yery  conspicqojiifi  on  i^ccQunt  qf 
their  sizp,  apd  pwipg  tq  thin  the  cell  itself  is  very  much 
bulged  out  laterally. 

In  the  *^  dyaster,"  that  I  find  in  my  specimens,  the  fibrils 
of  one  aster  are  connepted  with  those  of  the  other-    The 
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dyaster  represents  a  more  or  less  elliptical  bodyi  at  the  poles 
of  which  the  fibrils  are  connected  into  a  network ;  they 
pass  from  one  pole  to  the  other  as  isolated  longitudinal 
fibrils.  We  have  a  form  that  coincides  with  the  spindle  of 
Strasburger,  but  in  which  the  fibrils  form  a  network  at  the 
poles.  Flemming  has  figured  them  very  beautifully  on  his 
Plates  XVI  and  XVII. 

The  axis,  ♦.  e.  the  line  joining  the  poles  of  any  "  dyaster/' 
lies  in  most  instances  parallel  with  the  surface  of  the  epi« 
dermis^  and  only  in  few  instances  have  I  seen  it  more  or 
less  vertical.  This  is,  in  so  far,  of  interest,  as  it  proves 
that  in  many  instances  the  two  daughter  nuclei  (derived 
from  the  division  of  the  dyaster),  and,  consequently, 
also,  the  two  daughter  cells,  do  not  lie  above  one  another 
in  a  line  vertical  to  the  surface  of  the  epidermis,  but  side 
by  side. 

Then  we  find  that  the  dyaster  divides  into  two  small 
separate  monasters,  the  longitudinal  fibrils  running  from 
one  pole  to  the  other  of  the  dyaster  dividing  in  the  middle 
one  by  one.  We  have  finally  two  small  nuclei  side  by  side, 
but  separate,  the  fibrils  of  each  possessing  the  arrangement 
of  a  monaster. 

I  find,  just  like  Flemming,  who  so  exhaustively  described 
them,  that  these  daughter  nuclei  undergo  the  same  changes  as 
the  mother  nuclei  did,  but  in  a  reverse  order,  viz.  passing  from 
the  state  of  monaster  into  that  of  a  "  rosette  *'  or  "  wreath,'^ 
from  this  into  that  of  a  "  basket  '*  or  *'  convolution,"  and, 
finally,  into  a  nucleus  containing  a  uniform  spongy  reti- 
culum. While  the  daughter  nuclei  undergo  these  changes, 
except  the  last,  they  are  easily  distinguishable  from  similar 
forms  of  mother  nuclei,  owing  to  the  smallness  of  the 
former  and  their  positions  in  couples  (see  figs.  S2 — S5,  PI. 
XVIII). 

Just  as  is  the  case  with  mother  nuclei  in  the  stages  of  rosette, 
wreath,  and  monaster,  so  also  the  daughter  nuclei  of  the  ana- 
logous forms  do  not  possess  any  membrane ;  in  the  "  con- 
volution '*  and  **  basket '^  of  daughter  nuclei  the  membrane  is 
very  indistinct,  and  is  also  here  due  to  the  close  position  of 
the  fibrils. 

As  has  been  mentioned  above,  the  majority  of  daughter 
nuclei  lie  at  first  side  by  side,  i.  e.  in  an  axis  parallel  to  the 
surface.  But  after  the  cell  substance  itself  has  become 
divided,  the  daughter  nuclei  gradually  change  their  relative 
position,  the  (Imaginary)  axis  joining  them,  rotating  so  as 
to  assuage  a  position  vertical  to  the  surface  of  the  epidermis. 

The  daughter   nuclei  enclosed  in  a  still  undivided  cell 
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generally  belong  to  the  deepest  layer^  but  they  soon  become 
shifted  into  the  next  following  stratum. 

A  point  of  great  importance  is  the  relation  of  the  fibrils  of 
the  nucleus  in  the  different  stages  of  division  to  the  cell  sub- 
stance itself.  I  have  on  two  occasions  (this  Journal,  July, 
1878,  and  April,  1879)  referred  to  a  connection  of  the  fibrils 
of  the  intranuclear  network  with  the  reticulum  representing 
the  protoplasm  of  the  cell,  and  on  carefully  examining  my 
specimens  of  dividing  nuclei  I  find  that  also  the  fibrils  of 
these  are  intimately  connected  with  the  cell  substance.  The 
forms  mentioned  as  rosette  or  wreath,  but  especially  as 
monaster,  are  those  in  which — the  examination  being  greatly 
facilitated  by  the  absence  of  any  membrane — in  many 
instances  I  can  most  positively  see  a  direct  connection 
between  the  fibrils  of  the  nucleus  and  the  reticulum  repre- 
senting the  cell  substance.  Such  a  connection  will  be 
found  represented  in  figs.  14 — 19  of  Plate  XVIII.  It  is 
true  the  observation  requires  very  favorable  conditions,  viz. 
the  nucleus  must  be  a  large  one,  must  be  seen  on  its  broad 
surface,  the  light  must  be  good,  the  sections  thin,  and  the 

Eower  high.     Zeiss's  new  oil  immersion,  -fV  ^i^d  tV^  inch, 
ave  proved  here  invaluable. 

The  fibrils  of  the  nucleus  taking  the  staining  very  deeply 
seem  at  first  altogether  distinct  nrom  the  surrounding  cell 
substance,  which  is  either  not  at  all  or  only  slightly  stained, 
but  nevertheless,  on  careful  inspection,  it  will  be  found  that 
the  fibrils,  especially  of  the  monaster,  although  they  appear  to 
terminate  singly  in  the  periphery  and  with  a  blunt  extremity, 
do  not  so  terminate  but  pass  on,  unstained,  into  the  reticulum 
of  the  cell  substance.  The  difference  of  the  fibrils  of  the 
nucleus  and  the  cell  substance  in  their  staining  power  is  no 
doubt  due  to  an  essential  chemical  distinction,  but  this  does 
not  necessarily  imply  that  the  two  substances  cannot  form  an 
anatomical  continuity.  Nor,  it  seems  to  me,  does  the 
observation  by  Schleicher  (*  Archiv  f.  mikr.  Anat.,*  Bd.  xvi., 
p.  261)  of  the  peculiar  state  of  contractility — **  karyokinesis  *' 
— of  the  nucleus  of  cartilage  cells  preceding  division,  nor  that 
by  Peremeschko  of  similar  appearances  in  the  dividing 
nucleus  of  epithelial  cells  of  embryo  Triton,  make  such  a  con- 
nection  between  cell  substance  and  nucleus  improbable. 

By  the  observations  of  Strieker  {'  Sitzungsber.  d.  k.  Akad. 
d.  Wiss.,*  Vienna,  June,  1877)  it  is  established  that  the 
nucleus  of  some  colourless  blood-corpuscles  possesses  con- 
tractility while  within  the  cell  as  well  as  after  separation 

1  These  two  lenses,  although  of  very  great  magnifying  power,  are  nerer- 
ilielesa  marvellous  in  sharp  deflnition. 
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from  it^  and  it  is  likewise  established  by  Strieker^  that  the 
nucleus  of  those  cells  is  during  life  in  direct  anatomical 
continuity  with  the  cell  substance,  and  further  that  by  the 
appearance  of  a  membrane  a  central  portion  of  the  cell 
substance  becomes  temporarily  differentiated  as  nucleus.  I 
have  also  mentioned  on  a  former  page  that  the  giant  nuclei 
of  the  gland  cells  of  newt  show  local  contractions  of  their 
reticulum.  The  connection  of  the  fibrils  of  the  dividing 
nucleus  with  the  cell  substance  and  the  contractility  of  both, 
seems  to  me  to  explain  also  the  peculiar  appearances 
described  by  Auerbach  as  **  karyolitic  figure  "  and  observed 
by  many  others  (Flemming,  Fol,  Biitschli^  Strasburger, 
O.  Hertwig,  and  others)  in  dividing  nuclei  of  ovum  and 
other  cellsy  viz.  a  radiar  arrangement  of  fibrils  of  what 
corresponds  to  the  cell  substance  towards  the  nucleus^  when 
single  as  well  as  after  division — in  the  former  case  as  a 
single,  in  the  latter  as  a  double  **  karyolytic  figure."  We 
have  to  assume  that,  owing  probably  to  contraction  of  the 
intranuclear  network,  the  fibrils  of  the  intracellular  reticulum 
are  drawn  towards  the  former.  Whether  at  the  same  time 
an  exchange  of  the  two  substances  takes  place,  or  whether 
the  nucleus  alone  takes  in  matter  from  the  cell,  it  is  difficult 
to  decide ;  both  seem  probable  from  theoretical  considerations 
so  thoroughly  discussed  by  Auerbach,  Strasburger,  Biitschli, 
Flemming,  and  Schleicher. 

A  point  not  less  interesting  is  the  question,  whether  the 
division  of  the  nucleus  takes  place  in  all  cells  of  the  epi- 
dermis of  adult  newt  after  the  same  complicated  manner 
as  described  in  the  preceding,  or  whether  there  is  in  addition 
another  simpler  mode,  so  often  mentioned  in  normal  and 
pathological  histology  as  that  of  simple  cleavage.  Flemming 
proposes  the  term  '^  indirect "  multiplication  of  the  nucleus 
for  the  former  complex  mode,  and  "  direct  '*  for  the  latter 
simple  mode,  and  we  shall  accept  these  terms  in  the  following 
description. 

Auerbach  and  Eberth  accept  such  a  direct  mode  of  divi- 
sion, Flemming  questions  it,  although  he  does  not  think  it 
quite  impossible.  This  last  named  author  describes  forms 
of  nuclei  which  might  be  taken  as  indicative  of  simple  cleav- 
age, viz.  ordinary  nuclei  kidney-shaped  and  lobed,  or  beset 
with  more  or  less  deep  constrictions ;  but  he  finds  reasons 
to  believe  that*  these  are  only  temporary  appearances  due 
probably  to  movement. 

As  I  mentioned  on  a  former  page  the  very  rapid  shedding 
of    the  superficial  layer  of  the  cells  of  the  epidermis  led 
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me  to  examine  the  epidermis  with  reference  to  the  pro- 
cess of  division^  and  we  have  seen  that  division  of  nuclei 
occurs  merely  in  the  deepest  or  the  next  following  layer. 
Considering  that  the  superficial  layer  of  cells  is  shed  within 
five  or  six  days  (see  the  tables  on  a  previous  page),  we 
should  be  justified  in  expecting  to  find  very  abundant 
division  amongst  the  nuclei  of  the  deeper  layer.  This^ 
however,  is  not  the  case  by  any  means.  True,  some  of 
the  stages  of  indirect  division  described  on  a  former  page  are, 
according  to  Flemming  and  Peremeschko's  direct  observa- 
tions, only  of  very  short  duration,  but  I  think  I  can  show 
that  all  forms  of  nuclei  indicating  such  divisions — ^from  that 
of  the  '^  convolution  "  of  the  mother  nucleus  to  the  *^  convolu- 
tion ^*  of  the  daughter  nucleus — do  not  represent  but  a 
relatively  small  contingent,  not  sufficient  to  account  for  the 
copious  new-formation  of  nuclei  and  cells  that  must  be 
going  on  in  order  to  defray  such  a  loss  of  cells  and  nuclei 
as  is  represented  by  the  shedding  of  the  cuticle  within 
five  or  six  days.     I   have  counted  in  several  fields   in   a 

{>reparation  prepared  •  with  picric  acid  and  stained  with 
ogwood,  all  the  forms  of  nuclei  indicating  indirect  division, 
and  I  found  the  following : 

The  preparation  is  a  vertical  section  through  the  tail  of  a 
female  adult  newt ;  the  thickness  of  the  section  is  such  that 
the  cells  of  the  epidermis  lie  two  deep.  The  counting  was 
made  with  the  objective  E  of  Zeiss.  The  size  of  the  field  of 
the  microscope  under  this  lens  on  my  stand  comprises  about 
80  nuclei  oi  the  deepest  layer  of  cells,  t.  e.  the  layer  next 
the  corium,  and  as  the  section  is  two  cells  deep,  it  follows 
that  we  may  take  60  nuclei  as  comprised  in  the  deepest  layer 
of  one  field.  Of  course  this  figure  60  is  only  approximately 
correct,  since  the  section  is  not  everywhere  of  equal  thick- 
ness, and  since  the  nuclei  are  not  everywhere  placed  equally 
closely.  But  I  should  think  the  error  in  accepting  that 
figure  cannot  be  great.  As  I  do  not  claim  any  degree  of 
accuracy,  we  may  accept  that  number  as  sufficiently  ser- 
viceable. 

In  Field  1,  I  count  one  *'  wreath ;"  one  divided,  each  daughter  nucleus 

"monaster;"  one  "basket." 
In  Field  3,  three  "convolutions;"  one  divided,  each  daughter  nucleus 

"basket." 
In  Field  3,  one  "  wreath ;"  one  **  convolution." 
In  Field  4,  one  '*  convolution;"  two  "  baskets;"  one  divided,  each  daughter 

nucleus  "  basket." 
In  Field  5,  two  "  oonvolutbns." 
In  Field  6,  one  divided,  each  daughter  nucleus  "basket." 
InField?,  one"dyaster." 
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All  these  ''  fields  ^'  follow  each  other  consecutively^  so  that 
we  may  say  that  amongst  about  840  nuclei  (that  is,  counting 
the  nuclei  of  the  two  lowest  layers^  each  of  these  two 
deep)^  we  find  17  only,  indicative  of  indirect  division. 

In  another  specimen  (of  the  same  tail) ,  prepared  inexactly 
the  same  manner,  we  find ; 

la  Field  1,  two  **  wreaths ;"  two  *'  monasters ;"  five  "  convolutions ;"  two 
'•baskets." 

In  Field  2,  two  divided,  each  daughter  nucleus  "  convolution ;"  one  '*  mon- 
aster;"  one  divided,  each  daughter  nucleus  "basket ;"  two  '*  wreaths ;" 
three  "convolutions ;"  three  ** baskets." 

ThuSj  in  these  two  fields,  corresponding,  therefore,  to  about 
240  nuclei  we  find  2S  forms  indicative  of  indirect  division. 
In  connection  with  this  I  have  to  add  that  I  have  taken 
great  care  not  to  omit  any  of  those  forms ;  this  is  to  a  cer- 
tain extent  facilitated  by  the  conspicuous  appearance  pre- 
sented by  the  nuclei  of  this  kind. 

As  I  do  not  know  at  what  rate  the  division  of  the  nuclei 
takes  place,  and  as  the  thickness  of  the  epidermis  is  not  con- 
stant m  all  places j  I  am  not  able  to  use  in  any,  but  a  very 
approximate  manner,  the  above  numbers,  and  such  as 
they  are,  they  seem  to  me,  on  account  of  their  smallness, 
to  indicate  that  there  must  be  another  method  of  re- 
production of  nuclei  in  addition  to  the  indirect  one. 
And  we  have  only  to  examine  carefully  the  deeper  strata 
of  the  epidermis  to  convince  ourselves  of  the  presence 
of  nuclei  which  appear  to  be  in  different  stages  of  cleavage. 
They  are  oval  nuclei,  differing  as  regards  their  membrane 
and  honeycomb  reticulum  in  no  way  from  the  other  nuclei 
of  these  layers.  I  have  represented  in  figures  26 — 82,  PI. 
XVIII,  the  most  characteristic  forms  of  nuclei  in  the  various 
stages  of  cleavage.  They  vary  in  numbers  in  different  parts 
of  a  section,  and  appear  to  me  to  be  more  than  merely  con- 
stricted or  lobed  shapes,  such  as  described  by  Flemming 
as  being  of  a  temporary  nature.  Figures  29,  SO,  and  31 
seem  to  me  quite  convincing. 

I  may  state  here  that  I  have  found  very  numerous  nuclei,  iil  the  various 
stages  of  cleavage,  also  in  the  epithelium  lining  the  neck  of  the  duct  of 
the  cutaneous  glands. 

It  is  quite  possible  that  the  nuclei  undergoing  the  indirect 
division  in  the  adult  have  inherited  the  power  to  do  this 
from  the  ovum^  the  nuclei  of  which,  as  is  now  well  known 
from  numerous  observations  on  different  vertebrate  and  in- 
vertebrate animaUi  undergo  the  indirect  mode  of  division ; 
it  it  probable^  from  Peremeichko's  observations,  that  in  the 
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embryo  Triton  the  nuclei  of  all^  or  nearly  all^  epithelial  cells 
undergo  the  indirect  division ;  but  since  it  is  equally  pro- 
bable that  in  the  adult  only  a  relatively  small  number  of 
nuclei  possesses  this  property^  it  follows  that  many  of  them 
lose  this  power  and  degenerate  in  the  manner  of  division, 
becoming  degraded  into  nuclei  that  multiply  after  the  more 
plebeic  manner  of  simple  cleavage.  By  doing  this,  nature 
evidently  gains  her  end  under  great  saving  of  energy,  since 
the  existence  of  these  nuclei  is  only  of  short  duration. 

As  supporting  the  assumption  that  nuclei  divide  after  the 
"  direct  manner,  viz.  by  cleavage,  may  be  regarded  those 
nuclei  in  which  the  fibrils  have  arranged  themselves,  as  if 
those  nuclei  were  going  to  divide  in  the  indirect  way,  but 
for  some  reason  or  other  did  not  succeed  in  doing  so,  but 
divided  ultimately  by  cleavage.  I  refer  to  figs.  33,  34,  and 
85,  which  I  have  selected  as  the  more  characteristic  forms  ; 
fig.  88  represents  a  *^  convolution,'*  34  and  85  ''  baskets  *'  all 
undergoing  the  '*  direct  '*  mode  of  division. 

A  good  object  for  demonstrating  the  different  forms  of 
nuclei  while  undergoing  the  indirect  mode  of  division  is 
the  bladder  of  adult  frog  prepared  with  chloride  of  gold.  The 
organ  is  filled  tn  situ  with  chloride  of  gold  (|  per  cent.) 
until  it  is  well  distended ;  it  is  then  ligatured  at  the  neck, 
and  placed  in  chloride  of  gold  for  about  half  an  hour, 
then  opened  and  exposed  to  the  light  in  slightly  acidulated 
water.  Examining  the  inner  surface  of  a  small  portion 
spread  out  on  a  slide  and  mounted  in  glycerin,  we  meet 
with  many  beautiful  forms  of  **  convolutions,''  '*  monasters," 
*' wreaths,"  *' dyasters,''  and  couples  of  small  daughter 
nuclei.  The  tail  of  tadpole  prepared  in  chloride  of  gold 
(see  'Handbook  for  the  Physiolog.  Laboratory,' p.  41)  shows 
also,  amongst  the  epithelium  of  both  surfaces,  forms  of 
dividing  nuclei,  especially  *' baskets,"  "monasters,"  and 
"  dyasters."  Their  number,  however,  is  relatively  small. 
The  great  majority  of  the  nuclei  present  a  uniform  network 
of  fibrils  or  rods.  The  nuclei  of  the  epithelium  of  the 
bladder  of  frog  are  preferable  to  those  of  the  tail  of  the  tad- 
pole, being  of  a  much  larger  size. 

P.  S. — ^Since  the  printing  of  the  foregoing  I  have  received 
from  my  friend  Professor  Flemming,  in  Kiel,  two  of  his 
preparations  of  embryo  Salamander,  and  I  see  in  them  the 
most  exquisite  forms  of  nuclei  dividing  after  the  indirect 
mode,  as  figured  by  F.  in  his  paper. 
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On  the  Eaely  Development  of  the  Lacertilia,  together  with 
some  Observations  on  the  Nature  and  Relations  of  the 
Primitive  Streak.  By  F.  M.  Balfour,  M.A.,  P.R.S., 
Fellow  of  Trinily  College,  Cambridge.     (With  Plate  XIX.) 

Till  quite  recently  no  observations  were  recorded  on  the  early 
developmental  changes  of  the  reptilian  ovam.  Not  long  ago 
Professors  Kupffer  and  Benecke  published  a  preliminary  note 
on  the  early  development  of  Lacerta  agUU  and  Emys  Europea?. 
I  have  myself  also  been  able  to  make  some  observations  on  the 
embryo  of  Lacerta  muralis.  The  number  of  my  embryos  has 
been  somewhat  limited,  and  most  of  those  which  I  have  luid  have 
been  preserved  in  bichromate  of  potash,  which  has  turned  out  a 
far  from  satisfactory  hardening  reagent.  In  spite  of  these  diffi- 
culties I  have  been  led  on  some  points  to  very  different  results 
from  those  of  the  German  investigators,  and  to  results  which  are 
more  in  accordance  with  what  we  know  of  other  Sauropsidan 
types.  I  commence  with  a  short  account  of  the  results  of 
Kupffer  and  Benecke. 

Segmentation  takes  place  exactly  as  in  birds,  and  the  resulting 
blastoderm,  which  is  thickened  at  its  edge,  spreads  rapidly  over 
the  yolk.  Shortly  before  the  yolk  is  half  enclosea  a  small 
embryonic  shield  (area  pellucida)'!  makes  its  appearance  in  the 
centre  of  the  blastoderm,  which  has,  in  the  meantime,  become 
divided  into  two  layers.  The  upper  of  these  is  the  epiblast,  and 
the  lower  the  hypoblast.  The  embryonic  shield  is  mainly  distin- 
guished from  the  remainder  of  the  blastoderm  by  the  more  columnar 
character  of  its  constituent  epiblast  cells.  It  is  somewhat  pyri- 
form  in  shape,  the  narrower  end  corresponding  with  the  future 
posterior  end  of  the  embryo.  At  the  narrow  end  an  invagina- 
tion takes  place,  which  gives  rise  to  an  open  sac,  the  blind  end  of 
which  is  directed  forwards.  The  opening  of  this  sac  is  regarded 
b V  the  authors  as  the  blastopore.  A  linear  thickening  of  epi- 
blast arises  in  front  of  the  blastopore,  along  the  median  line  of 
which  the  medullary  groove  soon  appears.  In  the  caudal  region 
the  medullary  folds  spread  out  and  enclose  between  them  the 
blastopore,  behind  which  they  soon  meet  again.  On  the  con- 
version of  the  medullary  groove  into  a  closed  canal  the  blastopore 
becomes  obliterated.  The  mesoblast  grows  out  from  the  lip  of 
the  blastopore  as  four  masses.  Two  of  these  are  lateral :  a  third 
is  anterior  and  median,  and,  although  at  first  independent  of  the 
epiblast,  soon  attaches  itself  to  it,  and  forms  with  it  a  kind  of 

'  'Die  Erite  Entwicklungivorgange  am  Ei  der  Reptilien,'  Konigsberg, 

1878. 
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axis-cord.  A  fourth  mass  applied  itself  to  the  walls  of  the  sac 
formed  by  invaginatioD. 

With  reference  to  the  very  first  developmental  phenomena  my 
observations  are  confined  to  two  stages  daring  the  segmentation.^ 
In  the  earliest  of  these  the  segmentation  was  about  half  completed^ 
in  the  later  one  it  was  nearly  over.  My  observations  on  these 
stages  bear  out  generally  the  statements  of  Kupffer  and  Benecke. 
In  the  second  of  them  the  blastoderm  was  dready  imperfectly 
divided  into  two  layers — a  superficial  epiblastic  layer  formed  of  a 
single  row  of  cells,  and  a  layer  below  this  several  rows  deep. 
Below  this  layer  fresh  segments  were  obviously  being  added  to 
the  blastoderm  from  the  subjacent  yolk. 

Between  the  second  of  these  blastoderms  and  my  next  stage 
there  is  a  considerable  gap.  The  medullary  plate  is  just 
established,  and  is  marked  bv  a  shallow  groove  which  becomes 
deeper  in  front.  A  section  tnrough  the  embryo  is  represented 
in  PI.  XIX,  Series  a,  fig.  1.  In  this  figure  there  may  be 
seen  the  thickened  medimary  plate  with  a  shallow  meduUary 
groove,  below  which  are  two  independent  plates  of  mesoblast 
{me.  p.),  one  on  each  side  of  the  middle  line,  very  imperfectly 
divided  into  somatopleuric  and  splanchnopleuric  layers.  Below 
the  mesoblast  is  a  continuous  layer  of  hypoblast  (^y.),  which 
develops  a  rod-like  thickening  along  the  axial  line  (cA.).  This 
rod  becomes  in  the  next  stage  the  notochord.  Although  this 
embryo  is  not  well  preserved  I  feel  very  confident  in  asserting  the 
continuity  of  the  notochord  with  the  hypoblast  at  this  stage. 

At  the  hind  end  of  the  embryo  is  placed  a  thickened  ridge  of 
tissue  which  continues  the  embryonic  axis.  In  this  ridge  all  the 
layers  coalesce,  and  I  therefore  take  it  to  be  equivalent  to  the 
jmmitive  streak  of  the  avian  blastoderm.  It  is  somewhat 
triangular  in  shape,  with  the  apex  directed  backward,  the  broad 
base  placed  in  front. 

At  the  junction  between  the  primitive  streak  and  the  blasto- 
derm is  situated  a  passage,  open  at  both  extremities,  leading 
from  the  upper  surface  of  the  blastoderm  obliquely  forwards  to 
the  lower. 

The  dorsal  and  anterior  wall  of  this  passage  is  formed  of  a 
distinct  epithelial  layer,  continuous  at  its  upper  extremity  with 
the  epiblast,  and  at  its  lower  with  the  notochordal  plate,  so  that 
it  formsalayer  of  cells  connecting  together  the  epiblast  and  hypo- 
blast. The  hinder  and  lower  wall  of  the  passage  is  formed  by  the 
cells  of  the  primitive  streak,  which  only  assume  a  columnar  form 
near  the  dorsal  opening  of  the  passage  {vide  fig.  4).  This  passage 
is  clearly  the  blind  sac  of  Kupffer  and  Benecke,  whoj  if  I  am  not 

^  For  these  two  speeimeiu,  which  were  hardened  in  piorio  acid,  I  am 
indebted  to  Dr.  Kleneinberg. 
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mistaken,  have  overlooked  its  lower  opening.  As  I  hope  to  show 
in  the  sequel,  it  is  also  the  equivalent  of  the  neurenteric  passagej 
which  connects  the  neural  and  alimentarj  canals  in  the  Icthjop- 
sida,  and  therefore  represents  the  blastopore  of  Amphioxus 
Amphibians,  &c. 

Series  a,  figs.  2,  8,  4,  6,  illustrate  the  features  of  the  passage 
and  its  relation  to  the  embryo. 

Fig.  2  passes  through  the  ventral  opening  of  the  passage. 
The  notochordal  plate  {cA\)  is  vaulted  over  the  opening,  and 
on  the  left  side  is  continuous  with  the  mesoblast  as  well  as  the 
hypoblast.  Figs  3  and  4  are  taken  through  the  middle  part  of 
the  passage  (ne.),  which  is  bounded  above  by  a  continuation  of 
the  notochordal  plate,  and  below  by  the  tissue  of  the  primitive 
streak.  The  hypoblast  {Ay.),  in  the  middle  line,  is  imperfectly 
fused  with  the  mesoblast  of  the  primitive  streak,  which  is  now 
continuous  across  the  middle  line.  The  medullary  groove  has 
disappeared,  but  the  medullary  plate  (mp.)  is  quite  distinct. 

In  fig.  5  is  seen  the  dorsal  opening  of  the  passage  («^.^.  If 
a  section  behind  this  had  been  ngured,  as  is  done  for  the  next 
series  (b),  it  would  have  passed  through  the  primitive  streak, 
and,  as  in  the  chick,  all  the  layers  would  have  been  fused 
together.  The  epiblast  in  the  primitive  streak  completely 
coalesces  with  the  mesoblast;  but  the  hypoblast,  though  attached 
to  the  other  layers  in  the  middle  line,  can  always  be  traced  as  a 
distinct  stratum. 

Fig.  B  is  a  surface  view  of  my  next  oldest  embryo.  The 
medullary  groove  has  become  muen  deeper,  especially  in  front. 
Behind  it  widens  out  to  form  a  space  equivalent  to  the  sinus 
rhomboidalis  of  the  embryq  bird.  The  amnion  forms  a  small  fold 
covering  over  the  cephalic  extremity  of  the  embryo,  which  is 
deeply  embedded  in  the  yolk.  Some  somites  (protovertebrse) 
were  probably  present,  but  this  could  not  be  made  out  in  the 
opaque  embryo. 

The  woodcut  (fig.  1)  represents  a  diagrammatic  longitudinal 
section  through  this  embryo,  and  the  sections  belonging  to  Series 
B  illustrate  the  features  of  the  hind  end  of  the  embryo  and  of  the 
primitive  streak. 


Jte 


1 


Eio.  1. — Diagrammatic  longitudinal  section  of  an  embryo  of  Lacetra. 
fp.  Body  cavity.  am.  Amnion.  ne,  Neurentenc  canal.  eA, 
xtotoohord.  ^.  Hypoblast.  $p,  Bpiblaat.  pr,  Primiti?^ 
streak. 
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As  is  shown  in  fig.  1>  the  notochord  (ch.)  has  now  throughout 
the  region  of  the  embryo  become  separated  from  the  subjacent 
hypoblast^  and  the  lateral  plates  of  mesoblast  are  distinctly 
divided  into  somatic  and  splanchnic  layers.  The  medullary  groove 
is  continued  as  a  deepish  groove  up  to  the  opening  of  the  neuren- 
teric  passage^  which  thus  forms  a  perforation  in  the  floor  of  the 
hinder  end  of  the  medullary  groove  {vide  Series  b,  figs.  2,  3, 
and  4). 

The  passage  itself  is  somewhat  shorter  than  in  the  previous 
stage^  and  the  whole  of  it  is  shown  in  a  single  section  (fig.  4) . 
This  section  must  either  have  been  taken  somewhat  obliquely,  or 
else  the  passage  have  been  exceptionally  short  in  this  embryo^ 
since  in  an  older  embryo  it  could  not  all  be  seen  in  one 
section. 

The  front  wall  of  the  passage  is  continuous  with  the  notochord, 
which  for  two  sections  or  so  in  front  remains  attached  to  the  hypo- 
blast (figs.  2  and  3).  Behind  the  perforation  in  the  floor  of  the 
meduUary  groove  is  placed  the  primitive  streak  (fig.  5),  where  all 
the  layers  become  fused  together,  as  in  the  earlier  stage.  Into 
this  part  a  narrow  diverticulum  from  the  end  of  the  medullary 
groove  is  continued  for  a  very  short  distance  {vide  fig.  5,  iwe.).'K«. 

The  general  features  of  the  stage  will  best  be  understood  by  an 
examination  of  the  diagrammatic  longitudinal  section,  represented 
in  woodcut,  fig.  1.  In  front  is  shown  the  amnion  {am.),  growing 
over  the  head  of  the  embryo.  The  notochord  {cL)  is  seen  as  an 
independent  cord  for  the  greater  part  of  the  length  of  the  embryo, 
but  falls  into  the  hypoblast  shortlv  in  front  of  the  neurenteric 
passage.  The  neurenteric  passage  is  shown  at  ne.,  and  behind  it 
is  shown  the  primitive  streak. 

In  a  still  older  stage,  represented  in  surface  view  on  PL  XIX^ 
fig.  0,  medullary  folds  have  nearly  met  above,  but  have  not  yet 
united.  The  features  of  the  passage  from  the  neural  groove  to  the 
cuf?  hypoblast  arc  precisely  the  samCyin  the  embryo  just  described, 
although  the  lumen  of  the  passage  nas  become  somewhat  narrower. 
There  is  ^till  a  short  primitive  streak  behind  the  embryo. 

The  neurenteric  passage  persists  but  a  very  short  time  after 
the  complete  closure  of  the  medullary  canal.  It  is  in  no  way 
connected  with  the  allantois,  as  conjectured  by  Kupffer  and 
Benecke,  but  the  allantois  is  formed,  as  I  have  satisfied  myself 
by  longitudinal  sections  of  a  later  stage,  in  the  manner  already 
described  by  Dobrynin,  Gasser,  and  KoUiker  for  the  bird  and 
mammal. 

The  general  results  of  Kunffer's  and  Benecke's  observations, 
with  the  modifications  introduced  by  my  own  observations,  are 
as  follows : — ^After  the  segmentation  and  the  formation  of  the 
embryonic  shield   (area  peJlucida)  the  blastoderm  becomes  dis- 
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tinctlj  divided  into  epiblast  and  hypoblast.^  At  the  hind  end  of 
the  shield  a  somewhat  triangular  primitive  streak  is  formed  by 
the  fusion  of  the  epiblast  and  hypoblast  with  a  number  of  cells 
between  them^  which  are  probably  derived  from,  the  lower  rows 
of  the  segmentation  cells.     At  the  front  end  of  the  streak  a 

S massage  arises^  open  at  both  extremities^  leading  obh'quely 
orwards  through  the  epiblast  to  the  space  below  the  hypo- 
blast. The  walls  of  the  passage  are  formed  of  a  layer  of 
columnar  cells  continuous  both  with  epiblast  and  hypoblast. 
In  front  of  the  primitive  streak  the  body  of  the  embryo 
becomes  first  differentiated  by  the  formation  of  a  medullary 
plate^  and  at  the  same  time  there  grows  out  from  the  primitive 
streak  a  layer  of  mesoblast^  which  spreads  out  in  all  directions 
between  the  epiblast  and  hypoblast.  In  the  axis  of  the  embryo 
the  mesoblast  plate  is  stated  by  Eupffer  and  Benecke  to  be  con- 
tinuous across  the  middle  line^  but  tnis  appears  very  improbable. 
In  a  slightly  later  stage  the  medullary  plate  becomes  marked  by 
a  shallow  groove^  and  the  mesoblast  of  the  embryo  is  then  un- 
doubtedly constituted  of  two  lateral  plates^  one  on  each  side  of 
the  median  line.  In  the  median  line  the  notochord  arises  as  a 
ridge-like  thickening  of  the  hypoblast  which  becomes  very  soon 
quite  separated  from  the  hypoblast^  except  at  the  hind  end^ 
where  it  is  continued  into  the  front  wall  of  the  neurenteric  pas- 
sage. It  is  interesting  to  notice  the  remarkable  relation  of  the 
notochord  to  the  walls  of  the  neurenteric  passage.  More  or  less 
similar  relations  are  also  well  marked  in  the  case  of  the  goose  and 
the  fowl  (Qtwser),'  and  support  the  conclusion  deducible  from 
the  lower  forms  of  vertebrata^  that  the  notochord  is  essentially 
hypoblfistic. 

The  passage  at  the  front  end  of  the  primitive  streak  forms  the 
posterior  boundary  of  the  medullary  plate,  though  the  medullary 
groove  is  not  at  mrst  continued  back  to  it.  The  anterior  wall  of 
this  passage  connects  together  the  medullary  plate  and  the  noto- 
chordal  ndge  of  the  hypoblast.  In  the  succeeding  stages  the 
medullary  groove  becomes  continued  back  to  the  opening  of  the 
passage,  which  then  becomes  enclosed  in  the  medullary  folds, 
and  forms  a  true  neurenteric  passage.  It  becomes  narrowed  as 
the  medullarv  folds  finally  unite  to  form  the  medullary  canal, 
and  eventually  disappears. 

I  conclude  this  paper  with  a  concise  statement  of  what 
appears  to  me  the  probable  nature  of  the  much-disputed  organ, 
the  primitive  streak,  and  of  the  arguments  in  support  of  my 
view. 

1  This  appears  to  me  to  take  place  before  the  formation  of  the  em- 
bryonic shield. 
^  Gasser,  *  Der  Frimitivstreifen  bei  Vogelembryonen,'  Marburg,  1878. 
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In  a  paper  on  the  primitive  streak  in  the  '  Quart.  Jonm.  of 
Mic.  Soi./  in  1873  (p.  280)^  I  made  the  following  statement  with 
reference  to  this  subject: — *'It  is  clear,  therefore,  that  the 
primitive  groove  must  be  the  rudiment  of  some  ancestral  feature. 

It  is  just  possible  that  it  is  the  last  trace  of  that 

involution  of  the  epiblast  by  which  the  hypoblast  is  formed  in 
most  of  the  lower  animals/' 

At  a  later  period,  in  July,  1876,  after  studying  the  develop- 
ment of  Elasmobranch  fishes,  I  enlarged  the  hypothesis  in  a  re- 
view of  the  first  part  of  Prof.  Kdlliker*s '  Entwicklungsgeschichte.* 
The  following  is  the  passage  in  which  I  speak  of  it  :^ 

'*  In  treating  of  the  exact  relation  of  the  primitive  groove  to  the 
formation  of  the  embryo.  Professor  Kolliker  gives  it  as  his  view 
that  though  the  head  of  the  embryo  is  formed  independently 
of  the  primitive  groove,  and  only  secondarily  unites  with  this, 
yet  that  the  remainder  of  the  body  is  without  doubt  derived 
from  the  primitive  groove.  With  this  conclusion  we  cannot 
agree,  and  the  very  descriptions  of  Professor  Eolliker  appear  to 
us  to  demonstrate  the  untenable  nature  of  his  results.  We 
believe  that  the  front  end  of  the  primitive  groove  at  first  occu- 
pies the  position  eventually  filled  by  about  the  third  pair  of 
protovertebrae,  but  that  as  the  protovertebr»  are  successively 
formed,  and  the  body  of  the  embryo  grows  in  length,  the  primi- 
tive groove  is  carried  further  and  further  back,  so  as  always  to 
be  situated  immediately  behind  the  embryo.  As  Professor  Kol- 
liker himself  has  shown  it  may  still  be  seen  in  this  position  even 
later  than  the  fortieth  hour  of  incubation. 

'^  Throughout  the  whole  period  of  its  existence  it  retains  a 
character  which  at  once  distinguishes  it  in  sections  from  the 
medullary  groove. 

^'Beneaui  it  the  epiblast  and  mesoblast  are  always  fustd, 
though  they  are  always  separate  elsewhere ;  this  fact,  which  was 
originally  shown  by  ourselves,  has  been  very  clearly  brought  out 
by  rrofessor  Kolliker's  observations. 

"  The  features  of  the  primitive  groove  which  throw  special 
light  on  its  meaning  are  the  following : — 

'^  (1.)  It  does  not  ^nter  directly  into  the  formation  of  the 
embryo. 

'^(2.)  The  epiblast  and  mesoblast  always  become  fused 
beneath  it. 

^'  (3.)  It  is  situated  immediately  behind  the  embryo. 

"  Professor  Kolliker  does  not  enter  into  any  speculations  as  to 
the  meaning  of  the  primitive  groove,  but  the  above-mentioned 
facts  appear  to  us  clearly  to  prove  that  the  primitive  groove  is  a 

*  '  Journal  of  Anat.  and  Pbjs.,'  vol.  x,  pp.  790  and  791.  Compare  abo 
my  monograph  on  '  Elasmobraacli  Fishes/  note  on  p.  68. 
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rudimentary  stmcturei  the  origin  of  which  can  only  be  com- 
pletely elucidated  by  a  knowledge  of  the  development  of  the 
Avian  ancestors. 

''  In  comparing  the  blastoderm  of  a  bird  with  that  of  any 
anamniotic  vertebrate^  we  are  met  at  the  threshold  of  our  inves  - 
tigations  by  a  remarkable  difference  between  the  two.  Whereas 
in  all  the  lower  vertebrates  the  embryo  is  situated  at  the  edge 
of  the  blastoderm^  it  is  in  birds  and  mammals  situated  in  the 
centre.  This  difference  of  position  at  once  suggests  the  view 
that  the  primitive  groove  may  be  in  some  way  connected  with  the 
change  of  position  in  the  blastoderm  which  the  ancestors  of 
birds  must  have  undergone.  If  we  carry  our  investigations 
amongst  the  lower  vertebrates  a  little  furtner^  we  find  that  the 
Elasmobranch  embryo  occupies  at  first  the  normal  position  at 
the  edge  of  the  blastoderm^  but  that  in  the  course  of  develop- 
ment the  blastoderm  grows  round  the  yolk  far  more  slowly  m 
the  region  of  the  embryo  than  elsewhere.  Owin^  to  this^  the 
embryo  becomes  left  in  a  bay^  the  two  sides  of  which  eventually 
meet  and  coalesce  in  a  linear  fashion  immediately  behind  the  em- 
bryo^ thus  removing  the  embryo  from  the  edge  of  the  blasto- 
derm and  forming  behind  it  a  bnear  streak  not  unlike  the  primi- 
tive streak.  We  would  suggest  the  hypothesis  that  the  primitive 
groove  is  a  rudiment  which  gives  the  last  indication  of  a  change 
made  by  the  Avian  ancestors  in  their  position  in  the  blastoderm^ 
like  that  made  by  Elasmobranch  embryos  when  removed  from  the 
edge  of  the  blastoderm  and  placed  in  a  central  situation  similar 
to  that  of  the  embryo  bird.  On  this  hypothesis  the  situation  of 
the  primitive  groove  immediately  behind  the  embrvo^  as  well  as 
the  fact  of  its  not  becoming  converted  into  any  embryonic  organ 
would  be  explained.  The  central  groove  might  probably  also 
be  viewed  as  the  groove  naturally  left  between  the  coalescing 
edges  of  the  blastoderm. 

''  Would  the  fusion  of  epiblast  and  mesoblast  also  receive  its  ex- 
planation on  this  hypothesis?  We  are  of  opinion  that  it  would.  At 
the  edge  of  the  blastoderm  which  represents  the  blastopore  mouth 
of  Amphioxus  all  the  layers  become  fused  together  in  the  anam- 
niotic vertebrates.  So  that  if  the  primitive  groove  is  in  reality 
a  rudiment  of  the  coalesced  edges  of  the  blastoderm^  we  might 
naturally  expect  the  layers  to  be  fused  there^  and  the  difKcuIty 
presented  by  the  present  condition  of  the  primitive  groove  would 
rather  be  that  the  hypoblast  is  not  fused  with  the  other  layers 
than  that  the  mesoblast  is  indissolubly  united  with  the  epi- 
blast. The  fact  that  the  hypoblast  is  not  fused  with  the  other 
layers  does  not  appear  to  us  to  be  fatal  to  our  hypothesis^  and  in 
Mammalia^  where  the  primitive  and  medullary  grooves  present  pre- 
cisely the  same  relations  as  in  birds,  all  three  layers  are,  accord- 
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ing  to  Hensen's  account,  fused  together.  This,  however,  is 
denied  by  Kolliker,  who  states  that  in  Mammals,  as  in  Birds,  only 
the  epiblast  and  mesoblast  fuse  together.  Oar  hypothesis  as  to 
the  origin  of  the  primitive  groove  appears  to  explain  in  a  fairly 
satisfactory  manner  all  the  peculiarities  of  this  very  enigmatical 
organ ;  it  also  relieves  us  from  the  necessity  of  accepting  Professor 
Kolliker's  explanation  of  the  development  of  the  mesoblast,  though 
it  does  not,  of  course,  render  tnat  explanation  in  any  way 
untenable.*' 

At  a  somewhat  later  period  Sauber  arrived  at  a  more  or  less 
similar  conclusion,  which,  however,  he  mixes  up  with  a  number 
of  opinions  from  which  I  am  compelled  altogether  to  dissent.^ 

The  general  correctness  of  my  view,  as  explained  in  my  second 
quotation,  appears  to  me  completely  established  by  Gasser's  beau- 
tiful researches  on  the  early  development  of  the  chick  and  goose,* 
and  by  my  own  observations  just  recorded  on  the  lizard. 
While  at  the  same  time  the  parallel  between  the  blastopore 
of  Elasmobranchii  and  of  the  Sauropsida,  is  rendered  more  com- 
plete  by  the  discovery  of  the  neurenteric  passage  in  the  latter 
group,  which  was  first  of  all  made  by  Gasser. 

The  following  paragraphs  contain  a  detailed  attempt  to  establish 
the  above  view  by  a  careful  comparison  of  the  primitive  streak 
and  its  adjuncts  in  the  amniotic  vertebrates  with  the  blastopore 
in  Elasmobranchii. 

In  Elasmobranchii  the  blastopore  consists  of  the  following 
parts : — (1),  a  section  at  the  end  of  the  medullary  plate,  which 
Decomes  converted  into  the  neurenteric  canal  ;^  (-2),  a  section 
forming  what  may  be  called  the  yolk  blastopore,  which  even- 
tually constitutes  a  linear  streak  connecting  the  embryo  with  the 
edge  of  the  blastoderm  {vide  my  monograph  on  Elasmobranch 
fishes,  pp.  68  and  81).  In  order  to  estaolish  my  hypothesis 
on  the  nature  of  the  primitive  streak,  it  is  necessary  to  find  the 
representatives  of  both  these  parts  in  the  primitive  streak  of  the 
amniotic  vertebrates.  The  first  section  ought  to  appear  as  a 
passage  from  the  neural  to  the  enteric  side  of  the  blastoderm 
at  the  posterior  end  of  the  medullary  plate.  At  its  front 
edge  the  epiblast  and  hypoblast  should  be  continuous,  as  they 
are  at  the  hind  end  of  the  embryo  in  Elasmobranchii,  and, 
finally,  the  passage  should,  on  the  closure  of  the  medullary 
groove,  become  converted  into  the  neurenteric  canaL  All  these 
conditions  are  exactly  fulfilled  by  the  opening  at  the  front  end  of 

>  "  Primitivriime  u.  Urmuxd,"  *  Morphologisches  Jahrbuch./  Band  ii,  p. 
551. 

«  Gasser,  'Dtfr  PrimitivBtrcifen  bei  Vogelembrjonen/  Marburg,  1878. 

*  I  use  this  term  for  the  canal  connecting  the  neural  and  alimentary 
tracti  which  was  first  discovered  by  Kowalevsky. 
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the  primitive  streak  of  the  lizard  {vide  woodcut^  fig.  1).  In 
the  chick  there  is  at  first  no  such  openings  but,  as  I  hope  to 
show  in  a  futare  paper^  it  is  replaced  by  the  epiblast  and  hypo- 
blast  falling  into  one  another  at  the  front  end  of  the  primitive 
streak.  At  a  later  period^  as  has  been  shown  by  Gasser^^  there 
is  a  distinct  radiment  of  the  nearenteric  canal  in  the  chick^  and  a 
complete  canal  in  the  goose.  Finally,  in  mammals,  as  has  been 
shown  by  Schafer'  for  the  guinea-pig,  there  is  at  the  front  end 
of  the  primitive  streak  a  complete  continuity  between  epiblast 
and  hypoblast.  The  continuity  of  the  epiblast  and  hypoblast  at 
the  mnd  end  of  the  embryo  in  the  bird  and  the  mammal  is 
a  rudiment  of  the  continuity  of  these  layers  at  the  dorsal  lip  of 
the  blastopore  in  Elasmobranchii,  Amphibia,  &c.  The  second 
section  of  the  blastopore  in  Elasmobranchii  or  yolk  blastopore  is, 
I  believe,  partly  represented  by  the  primitive  streak.  The  yolk 
blastopore  in  Elasmobranchii  is  the  part  of  the  blastopore  belong- 
ing to  the  yolk  sac  as  opposed  to  that  belonging  to  the  embryo, 
and  it  is  clear  that  the  pnmitive  streak  cannot  correspond  to  the 
whole  of  this,  since  the  primitive  streak  is  far  removed  from  the 
edge  of  the  blastoderm  long  before  the  yolk  is  completely  enclosed. 
Leaving  this  out  of  consideration  the  primitive  streak,  in  order 
that  the  above  comparison  may  hold  good,  should  satisfy  the 
following  conditions : 

1.  It  should  connect  the  embryo  with  the  edge  of  the  blasto- 
derm* 

2.  It  should  be  constituted  as  if  formed  of  the  fused  edges  of 
the  blastoderm. 

3.  The  epiblast  of  it  should  eventually  not  form  part  of  the 
medullary  plate  of  the  embryo,  but  be  folded  over  on  to  the 
ventral  side. 

The  first  of  these  conditions  is  only  partially  fulfilled,  but,  con- 
sidering the  rudimentary  condition  of  the  whole  structure,  no 
great  stress  can,  it  seems  to  me,  be  laid  on  this  fact. 

The  second  condition  seems  to  me  very  completely  satisfied. 
Where  the  two  edges  of  the  blastoderm  become  united  we  should 
expect  to  find  a  complete  fusion  of  the  layers  such  as  takes  place 
in  the  primitive  streak ;  and  the  fact  that  in  the  primitive  streak 
the  hypoblast  does  not  so  distinctly  coalesce  with  the  mesoblast 
as  the  mesoblast  with  the  epiblast  cannot  be  urged  as  a  serious 
argument  against  me. 

The  growth  outwards  of  the  mesoblast  from  the  axis  of  the 
primitive  streak  is  probably  a  remnant  of  the' invagination  of  the 

'  Loo.  dt. 

'  "  A  contribution  to  the  history  of  the  development  in  the  Gninea-pig," 
'Journal  of  Anat.  and  Fhjs.,'  vol.  xi,  pp.  S83 — 336. 
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hypoblast  and  mesoblast  from  the  lip  of  the  blastopore  in 
Amphibia,  &c. 

The  groove  in  the  primitive  streak  may  with  ^eat  plausibility 
be  regarded  as  the  inaication  of  a  depression  which  would  natu- 
rally be  found  along  the  line  where  the  thickened  edges  of  the 
blastoderm  became  united. 

With  reference  to  the  third  condition,  I  will  make  the  following 
observations.  The  neurenteric  canal,  as  it  is  placed  at  the  extreme 
end  of  the  embryo,  must  necessarily,  with  reference  to  the  embryo, 
be  the  hindermost  section  of  the  blastopore,  and  therefore  the 
part  of  the  blastopore  apparently  behind  tnis  can  only  be  so  owing 
to  the  embryo  not  being  folded  off  from  the  yolk  sac;  and  as  the 
volk  sac  is  in  reality  a  specialised  part  of  the  ventral  wall  of  the 
body,  the  yolk  blastopore  must  also  be  situated  on  the  ventral 
side  of  the  embryo. 

Kolliker  and  other  distinguished  embryologists  have  believed 
that  the  epiblast  of  the  whole  of  the  primitive  streak  became  part 
of  the  neural  plate.  If  this  view  were  correct,  which  is  accepted 
even  by  Bauber,  the  hypothesis  I  am  attempting  to  establish  would 
fall  to  the  ground.  I  have,  however,  no  doubt  that  these  em- 
bryologists are  mistaken.  The  very  careful  observations  of 
Gasser  show  that  the  part  of  the  primitive  streak  adjoining  the 
embryo  becomes  converted  into  the  tail-swelling,  and  that  the 

{)osterior  part  is  folded  in  on  the  ventral  side  of  the  embryo,  and, 
osing  its  characteristic  structure,  forms  part  of  the  ventral  wall 
of  the  body.  On  this  point  my  own  observations  confirm  those 
of  Gasser.  In  the  lizard  the  early  appearance  of  the  neurenteric 
canal  at  the  front  end  of  the  primitive  streak  clearly  shows  that 
here  also  the  primitive  streak  can  take  no  share  in  forming  the 
neural  plate. 

The  above  considerations  appear  to  me  sufficient  to  establish 
my  hypothesis  with  reference  to  the  nature  of  the  primitive 
streak,  which  has  the  merit  of  explaining,  not  only  the  structural 
peculiarities  of  the  primitive  streak,  but  also  the  otherwise  inex- 
plicable position  of  the  embryo  of  the  amniotic  vertebrates  in 
the  centre  of  the  blastoderm. 
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On  Cbetain  Points  in  the  Anatomy  of  Pbeipatus  Capbnsis. 
By  P.  M.  Balpoue,  M.A.,  P.R.S.i 

The  discovery  by  Mr.  Moseley'  of  a  tracheal  system  in  Peri- 
patns  must  be  reckoned  as  one  of  the  most  interesting  results 
obtained  by  the  naturalists  of  the  '^  Challenger/'  The  discovery 
clearly  proves  that  the  genus  Peripatus,  which  is  widely  dis- 
tributed over  the  globe^  is  the  persisting  remnant  of  what  was 
probably  a  large  group  of  forms^  from  which  the  present  tracheate 
Arthropoda  are  descended. 

The  affinities  of  Peripatus  render  any  further  light  on  its 
anatomy  a  matter  of  some  interest ;  and  through  the  kindness  of 
Mr.  Moseley  I  have  had  an  opportunity  of  making  investigations 
on  some  well  preserved  examples  of  Peripatus  capensis,  a  few  of 
the  results  of  which  I  propose  to  lay  before  the  Society. 

I  shall  confine  my  observations  to  three  organs.  (1)  The  seg- 
mental organs^  (2)  the  ner^^ous  system^  (8)  the  so-called  fat 
bodies  of  Mr.  Moseley. 

In  all  the  segments  of  the  body^  with  the  exception  of  the  first 
two  or  three  postoral  ones,  there  are  present  glandular  bodies, 
apparently  equivalent  to  the  segmental  organs  of  Annelids. 

These  organs  have  not  completely  escaped  the  attention  of  pre- 
vious observers.  The  anterior  of  them  were  noticed  by  Grube,* 
but  their  relations  were  not  made  out.  By  Saenger,*  as  I  gather 
from  Leuckart's  '  Bericht'  for  the  years  1868-9,  these  structures 
were  also  noticed,  and  they  were  interpreted  as  segmental  organs. 
Their  external  openings  were  correctly  identified.  They  are  not 
mentioned  by  Moseley,  and  no  notice  of  them  is  to  be  found  in  the 
text-books.  The  observations  of  Grube  and  Saenger  seem,  in 
fact,  to  have  been  completely  forgotten. 

The  organs  are  placed  at  the  bases  of  the  feet  in  two  lateral 
divisions  of  the  body-cavity  shut  off  from  the  main  central  median 
division  of  the  body-cavity  by  longitudinal  septa  of  transverse 
muscles. 

Each  fully  developed  organ  consists  of  three  parts : 

(1)  A  dilated  vesicle  opening  externally  at  the  base  of 
a  foot. 

(2)  A  coiled  glandular  tube  connected  with  this  and  subdi- 
vided again  into  several  minor  divisions. 

*  Prom  the  *  Proceedings  of  the  Cambridge  Philosophical  Society.' 

'  '*  On  the  Structure  and  Deyelopment  of  Peripatus  Capensis"  *  Phil. 
Trans./  vol.  clxiv,  1874. 
»  "Bau  yon  Perip.  Edwardsii,''  *  Archiv  f.  Anat.  u.  Phys./  1853. 

*  *'Moskauer  Naturforscher  Sammlung,"  *  Abth.  Zool./  1869. 
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(3)  A  short  terminal  portion  opening  at  one  extremity  into  the 
coiled  tube  (2)  and  at  the  other,  as  I  believe,  into  the  body-cavity. 
This  section  becomes  very  conspicuous  in  stained  preparations  by 
the  intensity  vrith  which  the  nuclei  of  its  walls  absorb  the  colour- 
ing matter. 

The  segmental  organs  of  Peripatus,  though  formed  on  a  type  of 
their  own,  more  nearly  resemble  those  of  the  Leech  than  of  any^ 
other  form  with  which  I  am  acquainted.  The  annelidan  affinities 
shown  by  their  presence  are  of  some  interest.  Around  the  seg- 
mental organs  in  the  feet  are  peculiar  cells  richly  supplied  with 
trachesB,  which  appear  to  me  to  be  similar  to  the  fat  bodies  in 
insects.  There  are  two  glandular  bodies  in  the  feet  in  addition  to 
the  segmental  organs. 

The  more  obvious  features  of  the  nervous  system  have  been 
fully  made  out  by  previous  observers,  who  have  shown  that  it 
consists  of  large  paired  supraoesophageal  ganglia  connected  with 
two  widely  separated  ventral  cords — stated  by  them  not  to  be 
ganglionated.  Grube  describes  the  two  cords  as  falling  into  one 
another  behind  the  anus —a  feature  the  presence  of  which  is 
erroneously  denied  by  Saenger.  The  lateral  cords  are  united 
by  numerous  (5  or  6  for  each  segment)  transverse  cords. 

The  nervous  system  would  appear  at  first  sight  to  be  very 
lowly  organised,  but  the  new  points  I  believe  myself  to  have  made 
out,  as  well  as  certain  previously  known  features  in  it,  appear  to 
me  to  show  that  this  is  not  the  case. 

The  following  is  a  summary  of  the  fresh  points  I  have  observed 
in  the  nervous  system : 

(1)  Immediately  underneath  the  oesophagus  the  oesophageal 
commissures  dilate  and  form  a  pair  of  ganglia  equivalent  to  the 
annelidan  and  arthropodan  suboesophageal  ganglia.  These  gandia 
are  closely  approximated  and  united  by  5  or  6  commissures.  They 
give  off  large  nerves  to  the  oral  papillss. 

(2)  The  ventral  nerve  cords  are  covered  on  their  ventral  side  by 
a  thick  ganglionic  layer,^  and  at  each  pair  of  feet  they  dilate  into  a 
small  but  distinct  ganglionic  swelling.  From  each  ganglionic 
swelling  are  given  off  a  pair  of  large  nerves^  to  the  feet ;  and  the 
ganglionic  swellings  of  the  two  cords  are  connected  together  by 
a  pair  of  commissures  containing  ganglion  cells?  The  other  com- 
missures connectingthe  two  cords  together  do  not  contain  ganglion 
cells. 

The  chief  feature  in  which  Peripatus  was  supposed  to  differ 

'  This  was  known  to  Grube,  loo.  cit. 

'  These  nerves  were  noticed  by  Milne  Edwards,  bat  Grube  failed  to 
observe  that  they  were  much  larger  than  the  nerves  given  off  between  the 
feet. 

'  These  commissures  were  perhaps  observed  by  Saenger  (loc.  it.). 
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from  normal  Arthropoda  and  Annelida^  viz.  the  absence  of  ganglia 
on  the  ventral  cords^  does  not  really  exist.  In  other  par- 
ticulars^ as  in  the  amount  of  nerve  cells  in  the  ventral  cords  and 
the  completeness  of  the  commissural  connections  between  the  two 
cords^  &c.^  the  organisation  of  the  nervous  system  of  Peripatus 
ranks  distinctly  high.  The  nervous  system  lies  within  the  circu- 
lar and  longitudinal  muscles^  and  is  thus  not  in  proximity  with  the 
skin.  In  this  respect  also  Peripatns  shows  no  signs  of,  a  primi- 
tive condition  of  the  nervous  system. 

A  median  nerve  is  given  off  from  the  posterior  border  of  the 
supracesophageal  ganglion  to  the  oesophagus,  which  probably 
forms  a  rudimentary  sympathetic  system.  I  believe  also  that  I 
liave  found  traces  of  a  paired  sympathetic  systenr. 

The  organ  doubtfully  spoken  of  by  Mr.  Moseley  as  a*fat  body, 
and  by  Grube  as  a  lateral  canal,  is  in  reality  a  glandular  tube, 
lined  by  beautiful  columnar  cells  containing  secretion  globules, 
which  opens  by  means  of  a  non-glandular  duct  into  the  mouth.  It 
lies  close  above  the  ventral  nerve  cords  in  a  lateral  compartment 
of  the  body-cavity,  and  extends  backwards  for  a  varying  distance. 

This  organ  may  perhaps  be  best  compared  with  the  simple 
salivary  gland  of  Julus.  It  is  not  to  be  confused  with  the  slune 
glands  of  Mr.  Moseley,  which  have  their  opening  in  the  oral 
papillse.  If  I  am  correct  in  regarding  it  as  homologous  with 
the  salivary  glands  so  widely  distributed  amongst  the  Iracheata, 
its  presence  indicates  a  hith^o. unnoticed  arthropodan  affinity  in 
Peripatus. 
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Chlorophyll  in  Tnrbellarian  Worms  and  other  Aninutls. — 
Mr,  Patrick  Geddes  has  recently  investigated  the  physiology 
and  histology  of  the  small  green  Planarian  Convoluta 
Schtdtzn,  and  communicated  his  results  in  a  highly  sugges- 
tive paper  to  the  Royal  Society  ('  Proceedings,'  No.  194). 
Mr.  Geddes  obtained  these  worms  in  large  quantity  at 
Roscoff,  the  ZQological  observatory  of  Prof.  Lacaze  Duthiers. 
He  has.  succeeded  in  obtaining  from  a  number  of  them, 
enclosed  in  an  inverted  glass  vessel  and  exposed  to  sun- 
light, a  quantity  of  gas  which  on  analysis  (by  means  of 
pyrogallic  acid)  proved  to  contain  from  43  to  52  per  cent, 
of  pure  oxygen.  This  is  the  first  direct  proof  of  the  evo- 
lution of  oxygen  gas  through  the  agency  of  the  chlorophyll 
contained  in  the  tissues  of  animals  of  so  high  an  organisation 
as  the  Planarian  worms ;  though  it  was  from  Euglena,  an 
animal  Flagellate  that  Priestley  obtained  oxygen  gas,  even 
before  it  was  known  to  be  given  off  by  plants.  The  exact 
nature  of  the  chlorophylloid  substance  has  not  been  deter- 
mined  by  Mr.  Geddes.  It  has  the  general  properties  of  the 
green  colouring  matter  of  vegetable  tissues,  but  which  of  the 
constituents  of  that  somewhat  varia,ble  substance  are  present 
has  not  yet  been  determined.  Leaving  aside  the  unicellular 
organisms,  we  have  at  present  knowledge  of  substances 
similar  to  leaf-green  in  the  tissues  of  the  Sponge  Spongilla, 
of  the  Polyps  Hydra,  and  Anthea  cereus,  of  the  Planarians 
Vortex  viridis  and  Conwluta  SchuUziij  of  the  Gephyreean 
Bonellia,  of  the  Chaetopod  Chaetopterus  and  of  the  Crusta- 
cean Idotea.  Of  these  cases  only  that  of  Spongilla  and  of 
Bonellia  have  been  studied  with  special  care  as  to  their  ab- 
sorption spectra,  and  it  is  to  Mr.  Sorby's  papers  in  vol.  xv 
of  this  Journal  that  we  must  refer  for  a  minute  account  of 
them.  Mr.  Sorby  showed  by  spectroscopic  evidence  that 
the  green  matter  of  Spongilla  contains  the  same  con- 
stituents (though  differing  quantitatively)  as  do  the  leaves  of 
green  plants,  namely,  blue  chlorophyll,  yellow  chlorophyll, 
orange  xanthophyll,  xanthophyll,  yellow  xanthophyll,  and 
lichuoxanthine.  In  a  later  paper  (this  Journal,  vol.  xv,  p. 
166)  he  showed  that  the  green  colouring  matter  of  Bonelliaj 
though  exceedingly  close  in  spectrum  and  physical  properties 
to  the  three  species  of  chlorophyll  distinguished  by  him 
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(^  Proc.  Roy.  Soc./  vol  xxv),  viz.  blue  chlorophyll,  yellow 
chlorophyll,  and  chlorofucine,  is,  nevertheless,  distinct,  and 
for  it  he  proposed  the  name  Bonelleine.  The  spectroscopy  of 
the  other  cases  of  chlorophylloid  substance  in  animals  has 
not  been  veorked  out  in  detail,  though  I  have  shown  that 
the  absorption  spectrum  of  the  green  colour  of  Hydra,  of 
Chsetopterus,  and  of  Idotea,  is  similar  in  respect  of  its  chief 
lines  to  that  of  the  chlorophyll  group. 

Besides  the  facts  as  to  (1)  solubility  ;  (2)  fluorescence  of  the 
solution;  (3)  evanescence  of  the  colour  in  sunlight;  (4)  position 
of  the  absorption  bands ;  (5)  optical  and  other  properties  of  the 
products  obtained  by  reagents,  there  are  other  highly-important 
classes  of  facts  to  be  looked  into  in  connection  with  the  his- 
tory of  the  chlorophylloid  substances  of  animals.  These  are 
(6)  the  form  and  distribution  of  the  green-coloured  substance 
in  the  tissues  of  the  animal  possessing  it ;  and  (7)  the  evi- 
dences of  its  physiological  activity  (whether  or  not  identical 
with  that  established  for  the  chlorophyll  of  plants).  Mr. 
Geddes  showed,  so  far  as  this  last  point  is  concerned,  that 
large  quantities  of  oxygen  were  liberated  by  the  green  Con- 
valuta  Schultzii,  and  on  the  hypothesis  that  this  was  due  to 
the  breaking  up  of  the  CO^  into  O  and  CO  under  the  in- 
fluence of  chlorophyll  in  sunlight,  proceeded  to  search  for 
evidence  of  the  formation  in  the  tissues  of  the  Convoluta  of 
starch  or  similar  substances. 

An  analysis  of  the  Convoluta  en  masse  yielded  evidence  of 
the  presence  of  ordinary  vegetable  starch  in  quantity.  This, 
however,  is  not  in  itself  a  very  striking  fact.  Sponges, 
devoid  of  chlorophyll,  are  known  to  contain  in  vacuoles  of 
their  constituent  cells  starch,  so  far  as  the  blue  reaction  with 
iodine  is  evidence  of  the  presence  of  that  body,>  whilst  the 
glycogen  reaction  with  iodine  has  been  obtained  from  the 
tissues  of  a  variety  of  animals  (Teenia,  Lamellibranchs,  &c.). 
What  one  would  like  to  be  able  to  adduce  as  evidence  of  the 
physiological  activity  of  the  chlorophylloid  substance  of  ani- 
mals would  be  the  appearance  and  disappearance  of  starch 
granules  in  close  association  with  the  green  substance,  and 
under  such  conditions  as  those  established  by  Sachs  in  the 
case  of  the  chlorophyll  grains  of  higher  plants.  Unfortu- 
nately  this  is  not  possible  in  the  case  of  Convoluta.     Mr. 

»  See  Keller,  'Zeitschr.  wiss.  Zool.',  Bd.  xxx,  p.  574, 1878.  He  ob- 
tained,  in  a  certain  number  of  cells  of  various  sponges,  a  blue  coloration 
mih  iodine.  The  starch  appeared  to  be  in  solution,  and  contamed  in  large 
vacuoles  occupied  by  the  solvent.  Keller  found  it  in  Sponqilla  lacustrii, 
in  Eeniera  lUoralit,  Myxilla  /aseiculaia,  Oeodia  gigas,  Tethya  ^curium, 
Suberitei  massa,  Suderiieijiavus,  He  failed,  on  searching,  to  find  it  in  any 
Calcispongiee,  in  Halisarca,  and  in  Cbondrosia. 
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Geddes  gives  important  observations  referable  to  our  sixth 
category,  from  which  it  appears  that  the  green  substance  of 
Convoluta  does  not  exist  m  the  form  of  grains,  nor  of  fine 
granules,  but  ''is  diffused  throughout  the  whole  protoplasm" 
of  certain  cells,  which  lie  beneath  the  circular  and  longitu- 
dinal muscles.  Thus,  the  green  substance  of  Convoluta  differs 
most  markedly  from  that  of  the  allied  Vortex  viridis,  in  which 
it  occurs  in  the  form  of  drops  in  the  cells ;  equally  it  differs 
from  that  of  Hydra  vtridis  and  of  Spongilla,  which  occurs 
in  the  form  of  grains  embedded  in  the  protoplasm  of  cells, 
the  grains  having  the  form  of  concavo-convex  discs  in  Spon- 
gilla.  In  Bonellia,  too,  and  Chsetopterus  the  green  substance 
is  granular;  in  Idotea  it  is  diffused.  Nevertheless,  Mr. 
Geddes  obtained  evidence  of  the  formation  of  fine  granules 
of  starch  in  the  green  cells  of  Convoluta  by  the  application 
of  iodine  to  fresh-teased  preparations  of  the  worm  s  tissues. 
This  we  must  regard  as  the  most  important  part  of  the  evi- 
dence which  he  is  able  to  adduce  in  favour  of  the  view  that 
Convoluta  Schultzii  is  actually  nourished  by  the  activity  of 
its  chlorophyll — that  it,  in  fact,  feeds  on  carbonic-acid  as  a 
green  plant  does. 

It  remains  to  be  seen  whether  similar  or  even  more  con- 
clusive evidence  of  this  kind  can  be  obtained  from  the 
examination  of  such  chlorophyllaceous  animals  as  Hydra  and 
Spongilla. 

Mr.  Sorby,  writing  in  1875  in  this  Journal  on  Spongilla^ 
said :  "  It  would,  I  think,  be  well  worthy  of  study  to  ascer- 
tain whether  low  animal  forms  which,  like  Spongilla,  contain 
chlorophyll,  have,  when  exposed  to  light,  the  power  of  de- 
composing carbonic  acid,  and  supporting  themselves,  to  some 
extent,  as  plants  ....  If  so,  they  would  be  animals  to  some 
extent  capable  of  plant- like  growth,  and  would  thus  be  the 
reverse  of  those  plants  which  have  lately  attracted  so  much 
attention  on  account  of  their  being  able  to  partially  support 
themselves  by  means  of  complex  animal  food,  which  they  can 
digest  and  absorb  like  the  most  perfect  classes  of  animals." 
Mr.  Geddes 's  researches  have  established,  in  one  case  at 
least,  what  the  mere  fact  of  the  presence  of  chlorophyll  in 
animals  had  led  naturalists  to  entertain  as  hypothesis.  He 
remarks:  "As  the  Drosera,  Dionsea,  &c.,  which  have 
attracted  so  much  attention  of  late  years,  have  received  the 
striking  name  of  carnivorous  plants^  these  Flanarians  may 
not  unfairly  be  called  vegetating  animals,  for  the  one  is  the 
precise  reciprocal  of  the  other.  Not  only^es  the  Dionsa 
imitate  the  carnivorous  animal,  and  the  Convoluta  the  ordi- 
nary green  plant,  but  each  tends  to  lose  its  own  normal 
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character.  The  tiny  root  of  the  Drosera  and  the  half- 
blanched  leaves  of  Pinguicula  are  paralleled  by  the  absence 
of  a  distinct  alimentary  canal  and  the  abstemious  habits  of 
the  Planarian." 

It  is  worth  while  pointing  out  that  a  considerable  difficulty 
in  relation  to  the  view  that  the  green  specimens  of  Hydra 
viridis  and  Spongilla  Jluviatilis  possess  a  vegetative  nutri- 
tion, is  presented  by  the  fact  that  side  by  side  with  the  green 
specimens  occur  very  abundant  colourless  specimens,  which 
appear  to  be  equally  robust  and  healthy.  Do  these  colourless 
examples  possess  a  colourless  modification  of  chlorophyll 
which  decomposes  carbonic  acid  ?  or  is  the  capricious  distri- 
bution of  the  green  substance  analogous  to  the  capricious  dis- 
tribution of  Haemoglobin,  which  is  present,  for  instance, 
in  the  blood  of  Planorbis  whilst  absent  from  that  of  its 
associate  Linneeus  ? 

In  connection  with  this  subject  it  is  important  to  notice 
that  Metschnikoff  has  shown  that  in  Rhabdocsel  Planarians 
the  individual  cells  of  the  enteric  tract  engulph  food-par^ 
tides,  and  thus  reduce  the  digestive  processes  of  these 
worms  to  the  stage  presented  by  colonies  of  amoeboid  organ- 
isms devoid  of  a  true  enteron^  whilst  Balfour  has  suggested 
that  the  nutrition  of  the  sponges  is  effected  by  the  cells  of 
the  ectoderm  and  by  those  of  the  endoderm ;  not,  therefore, 
by  aid  of  a  digestive  cavity.  Mereschkowsky  (^  Ann.  and  Mag. 
of  Nat.  Hist.,'  March,  1879)  has  adduced  evidence  in  favour 
of  a  similar  process,  not  only  in  Sponges  but  in  Medusae, 
the  latter  of  which  he  has  observed  not  unfrequently  to  be 
devoid  of  stomach  and  buccal  aperture. — £.  Ray  Lankester. 

A  Hew  Genus  of  Protista.— -Prof.  Sorokin,  of  Kasan,  de- 
scribes under  the  name  Gloidium  quadrifidum  in  Gegen- 
baur's  *  Morph.  Jahrb.,*  Bd.  iv,  p.  899,  a  new  naked  proto- 
plasmic organism  devoid  of  nucleus,  '03  mm.  in  diameter, 
with  vacuolated  endosarc  and  hyaline  periphery,  which  gives 
rise  to  lamellar  pseudopodia,  and  possesses  a  pulsating 
vacuole.  It  was  discovered  in  an  aquarium  containing 
Oscillarise,  Hormidia,  &c.  The  specific  name  refers  to 
its  habit  of  multiplication  by  quadripartite  division  with- 
out encystation.  Prof.  Sorokin  also  observed  the  formation 
of  a  cyst  around  single  individuals,  which  was  not  followed 
by  division,  but  in  many  cases  the  organism  escaped  from 
the  cyst  by  means'  of  a  small  hole,  which  it  appears  to  have 
the  power  of  boriag  in  the  test  with  which  it  has  previously 
covered  itself.     ''"; 
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2Ut  November^  1878. 

Docidium  hirsutum,  Bailey,  occurring  in  Scotland,  exhibited, — 
Mr.  Archer  showed  examples  of  Bocidium  hirsutum,  Bailey,  taken 
on  the  Deeside,  in  Scotland ;  it  was  very  scanty  indeed  in  the 
gathering,  but  Mr.  Boy  informed  Mr.  Archer  that  he  had  before 
encountered  it.  It  seems  to  be  scarcely  happily  named,  as  the 
roughnesses  on  the  superficies  partake,  so  to  say,  more  of  the  cha- 
racter of  elongate  i)apillflD  than  of  ''hairs;*'  but  Bailey  speaks 
of  it  as  "  strongly  hirsute,"  possibly  in  allusion  to  the  coarseness 
of  these  "  hairs  '* — a  point  perhaps  rendering  the  identification 
of  the  form  the  more  certain,  but  still  his  figure,  in  that  case, 
shows  the  roughnesses  as  rather  fine.  It  is  not  a  very  pretty 
form ;  the  wall  appears  thick  and  somewhat  opaque,  and  the  green 
contents  not  of  a  lively  tint.  In  these  countries,  at  least,  it  must 
be  surely  a  very  rare  species. 

Section  from  an  Enchondroma  of  THbia,  exhibited. — Mr.  B.  "Wills 
Eichardson  exhibited  two  stained  sections,  one  red,  the  other  blue, 
taken  with  the  freezing  microtome,  from  an  enchondroma  that 
sprang  from  the  head  of  the  tibia  of  a  young  man.  The  tumour 
attained  to  a  large  size  in  a  few  months  and  amputation  above 
the  knee  had  to  be  performed.  The  case  had  a  maugnant  history, 
death  having  occurred  a  year  after  the  operation.  The  cells  and 
their  nuclei  were  large  and  there  were  one  or  two  ossific  centres 
in  each  section. 

Exhibition  of  Octaviania  asteroBperma,  Vitt. — Mr.  Pim  exhi- 
bited  Octaviania  asterospertna,  Vitt.  This,  the  first  hypogOBOUs 
fungus  that  Mr.  Pim  had  met  with,  occurred  in  his  garden  at 
Monkstown,  on  a  piece  of  old  carpet  that  had  been  dug-in  with 
manure.  It  appears  to  be  but  very  sparingly  distributed  both  in 
England  and  on  the  Continent,  and  is  now,  it  is  believed,  recorded 
for  the  first  time  in  Ireland. 

Section  of  Dolerite,  containing  the  new  mineral  JB^ullite,  Hard- 
man,  exhibited, — Professor  Hull,  F.E.S.,  exhibited  a  thin  section 
of  the  olivine  dolerite  of  Carmoney  Hill,  near  Belfast,  containing 
the  new  mineral  called  "  Hullite,'*  by  the  discoverer,  Mr.  E.  T. 
Hardman,  who  has  given  a  description  of  it  at  the  recent  meet* 
ing  of  the  British  Association  in  Dublin  (Section  0).    The  mineral 
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occurs  in  grains  filling  •avitieB  and  small  fissures  in  the  rock. 
It  is  black,  glossy,  and  has  a  conchoidal  fracture,  resembling 
pitchstone,  but  the  chemical  analysis  shows  it  has  no  connection 
with  this  mineral,  as  it  belongs  to  the  ferrugino-chloritic  group. 
With  a  2-incfa  object  glass  it  appears  translucent,  of  a  rich 
brownish  yellow  to  bronze  colour,  sometimes  traversed  by  dark 
prism-like  bars.  It  is  structureless  or  reticulated,  filling  cavities 
and  the  narrow  fissures  between  the  other  minerals,  which  con- 
sist chiefly  of  unaltered  oUvine-plagioclase,  a  little  augite,  and  a 
few  grains  of  titano-ferrite.  The  mineral  does  not  polarise,  bat 
with  a  higher  power  (1-inch  objective)  shows  evidences  of  a  reni- 
form  structure.  The  olivine  in  the  rock  is  unusually  fresh  and 
polarises  vividly. 

Section  of  Spine  of  Salmacis  rarissima^  Agassiz. — Mr.  Mackin* 
tosh  exhibited  a  cross-section  of  Salmacis  rarisaimaj  Agassiz,  one 
of  the  Acanthopneustes  group,  which  though  apparently  mono- 
cycline  in  its  mode  of  growth  is  not  truly  so,  inasmuch  as  the 
solid  wedges  which  make  up  the  greater  part  of  the  spine  exhibit 
a  series  of  expansions  at  regular  intervals  indicating  periods  of 
growth. 

Macro-  and  Microspores  oflsoetesMorei,  MooTe,exhibited, — Dr. 
David  Moore  showed  specimens  of  the  macro-  and  microspores  of 
his  new  species,  Isoetes  Moreiy  just  described  and  figured  in  the 
*  Journal  of  Botany,'  and  contrasted  the  latter  with  those  of  the 
allied  species  Isoetes  setacea,  a  native  of  the  Mediterranean 
district. 

December  19/^,  1878. 

NeomeriSf  undescrihed  species,  shoum. — Dr.  E.  Perceval  Wright 
exhibited  mounted  specimens  of  a  species  of  the  genus  Neomeris, 
collected  in  the  Friendly  Isles,  by  the  late  Professor  Harvey.  In 
the  working  collection  of  Dr.  Harvey  the  species  stood  recorded 
under  the  manuscript  name  of  N.  capitata  ;  from  N,  dvmetosa  of 
Lamarck  it  differed  in  very  many  respects,  and  from  N,  {Decais" 
nella)  nitida  of  Harvey  it  differed,  not  only  in  being  less  calca- 
reous, but  in  the  beautiful  regular  hexagonal  shape  of  the  cells, 
and  by  the  apparently  one-celled  stipes. 

Section  of  Quartziferous  Diorite  of  Quenast,  shown, — Professor 
HaJl,  F.E.S.,  exhibited  a  section  of  quartziferous  diorite  of 
Quenast,  kindly  lent  him  by  M.  TAbb^  Keynard.  In  the  crystal- 
line grains  of  the  silica  wQjre  to  be  seen,  by  the  aid  of  a  high 
magnifying  power  (800  diameters),  fluid  cavities  containing 
minute  translucent  cubes,  inferred  to  be  those  of  sodium  chloride 
(or  common  salt),  and  about  Tuivz^^  ^^  ^^  ^^^^  ^^  ^^2^-  ^°  ^^® 
of  the  cells  exhibited  the  vacuum  bubble  was  observed  close 
beside  the  crystal.  The  **  diorite  quartzif^re "  of  Quenast  is 
remarkable  for  containing  these  cubes,  which  have  been  also 
observed  by  Dr.  Zirkel  in  the  granite  of  Arran,  in  Scotland,  and 
in  other  rocks. 
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New  farm  of  Cmlosphwriumt  inhabiting  intercellular  spaces  of 
a  jlowering  plants  shown, — Mr.  Archer  exhibited  a  preparation 
by  Professor  Alexander  Dickson  of  the  leaves  of  a  warm-house 
plant,  containing  in  the  spaces  examples  of  a  phycochromaceous 
alga,  morphologically,  if  the  term  be  allowable,  falling  under 
Nageli's  genus  Go&losphsBrium.  It  seemed  to  differ  £h>m  the 
ordinary  pond  species  m  the  reddish-brown  colour  of  the  colonies, 
and  in  the  elongate,  not  orbicular  cells  these  seemingly  seated  in 
a  proper  cup-l&e,  gelatinous  support— the  two  together  some- 
wnat  like  an  acorn  in  its  cup — this  cup-like  base  sometimes 
appearing  as  if  somewhat  prolonged  downwards,  but  not  in  so 
pronounced  a  maimer  as  may  sometimes  be  seen  in  the  allied 
form,  met  with  in  ^oohyGomphosphteriaaponina,  Kutz.  Altogether 
the  form  would  appear  to  be  heretofore  undetected — probably  its 
unusual  habitat  may  have  something  to  say  to  that — instances  of 
similar  allied  forms  occurring  in  the  tissues  of  flowering  plants 
are,  however,  now  not  rare.  If  one  should  meet  the  present 
form  in  a  pond  it  would  at  once  strike  the  eye  as  unusual. 
Mr.  Archer  thought  he  might  be  justified  in  calling  this  alga 
Coslospharium  Dieksoni,  after  its  discoverer. 

Section  of  Spine  ofFhyllacanthus  imperialis^shown, — Mr.  Mack- 
intosh showed  a  cross-section  of  the  spine  of  Fhyllacanthus 
imperialism  Lam.,  taken  near  the  apex.  It  presented  a  very 
regularly  stellate  appearance,  due  to  the  projection  of  a  number 
of  ridges  on  the  surface,  and  had  a  very  thick  external  crust. 

Crystals  of  Magnesian  Fhosphatefrom  Urine,  of  unusually  large 
size,  shown. — Dr.  Tichbome  showed  crystals  of  ammoniacal 
magnesian  phosphate  from  urine,  of  remarkably  large  size,  being 
the  largest  ne  had  ever  seen  naturally  deposited ;  some  of  them 
were  6  mm.,  and,  being  of  a  beautiful  regularity,  were  particularly 
suitable  for  polarisation. 

leth  January,  1879. 

Section  of  Syenite,  with  imbedded  slender  prisms^  considered  to  be 
disthene,  shown. — Professor  Hulli  F.B.S.,  exhibited  a  thin  section 
of  a  syenite  (quartz,  felspar,  hornblende)  from  Slieve  GuUion, 
containing  long  prisms  of  a  greenish  glistering  mineral,  considered 
to  be  disthene  (kyanite),  the  analysis  of  which  gives  silica  36*8, 
alumina  63*2  (Dana).  This  mineral  was  formerly  discovered  by 
Professor  R.  S.  Scott,  in  Donegal.  With  a  magnifying  power  of 
about  225  diameters  the  grains  of  silica  were  seen  to  contain 
numerous  fluid  cells,  together  with  long  prisms  abruptly  truncated. 
Some  of  these  prisms  were  also  continued  into  the  lelspar,  and,  in 
comparison  to  their  diameters,  were  of  great  length  and  perfectly 
straight.  Though  generally  colourless,  they  sometimes  presented 
shades  of  brown  or  umber.  The  mineral  polarises  vivicQy,  and  is 
supposed  to  be  disthene.    Olivine  is  also  present. 

yutis  vera  from  Heel,  stripped  of  Epithelium^  shown. — Mr.  B. 
WillsBichardson  exhibited  two  blue-stained  sections,  each  an  inch 
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long,  of  the  cutis  vera  (from  the  human  heel),  totally  stripped  of 
epithelium.  The  napills  were  thus  perfectly  exposed  ana  in  full 
relief.  Sections  or  the  heel  were  made  with  the  freezing  micro- 
tome last  year,  and  he,  bein^  engaged  with  other  matters,  had  to 
allow  them  to  remain  until  recently,  in  glycerine  and  some 
Beale's  carmine  stain.  To  his  surprise,  when  he  examined  them 
he  found  that  the  epidermis  had  separated  from  all  the  sections, 
possibly  from  the  action  of  the  ammonia  of  the  stain,  which  wasin 
excess.  With  some  trouble  he  restained  a  few  of  them  with 
anilin  blue,  two  of  which  were  those  he  exhibited.  They  were 
mounted  in  Farrant's  solution,  an  excellent  medium  for  anilin 
blue  stainings,  as  be  fancied  it  preserved  the  colour. 

Pithophora  I^toensis,  transferred  from  Kew^  and  flourishing 
at  Olasnevin,  shown, — Dr.  Moore  showed  a  copious  growth  of 
Pithophora  Eewensis,  Wittr.,  in  the  normal  healthy  state,- from  a 
small  supply  sent  from  Kew  in  July,  1878,  to  Dr.  E.  P.  Wright, 
and  which  Dr.  Moore  had  placed  in  one  of  the  tanks  at  Glas- 
nevin,  where  it  seemingly  was  inclined  to  flourish. 

A  probably  new  Costnarium,  shown. — Mr.  Archer  showed  exam- 
ples of  what  seemed  to  be  either  a  new  Cosmarium  or  a  form 
of  Cosm,  heaalobum,  Nordst.,  some  from  Scotland,  prepared  by 
Mr.  Bisset ;  others  from  County  Wicklow,  obtained  in  Glencree. 
These  spedmens  at  least  were  absolutely  identical,  one  and  the 
same  thme  in  the  most  minute  detail,  and  Mr.  Archer  thought 
would  reaUy  prove  to  be  distinct  from  Oosm,  heaalobum,  besides 
being  apparently  decidedly  smaller.  It  is,  here,  at  any  rate,  a 
very  rare  form. 

JS^ffM  of  Echinorhyncus,  various  stages^  shoum. — Dr.  Macalister 
exhibited  the  eggs  of  Ehcinorhyncus  pinyuis,  showing  the  early 
stages  of  the  formation  of  the  embryo  of  that  species,  the  tri- 
laminar egg*envelope,  and  the  two  kinds  of  blastomeres,  into 
which  the  ^elk  segments.  The  formation  of  a  central  cavity 
was  also  visible  in  some  of  the  more  mature  embryos. 

Structure  qf  the  green  normal  leaves  ofPinus  monophylla, — 
Professor  McNab  exhibited  transverse  sections  of  the  green  nor- 
mal leaves  of  Pinus  monophylla.  Usually  in  Pinus  the  normal 
leaves  are  reduced  to  thin  scales  in  whose  axils  the  short  shoots 
with  the  needle  leaves  are  developed.  Frequently,  however,  in 
P.  monophylla,  these  normal  leaves,  instead  of  being,  as  they 
sometimes  are,  mere  scales,  become  large  green  flattened  struc- 
tures resemblmg  the  leaves  of  Abies.  Such  leaves,  often  with 
single  needles  or  two  needles  in  their  axils,  are  frequent  on  young 
plants,  on  the  newly  formed  shoots,  both  terminal  and  lateraL 
On  transverse  section  these  normal  leaves  are  seen  to  be  somewhat 
triangular,  flattened  above,  but  with  a  projecting  midrib  below. 
Both  upper  and  under  surfaces  possess  stomata.  There  are  two 
resin  canals  in  each  leaf  close  to  the  epidermis  of  the  under  side, 
and  about  halfway  between  the  rounded  margin  of  the  leaf  and 
the  projecting  midrib.  There  is  a  sinele  fibro-vascular  bundle, 
surrounded  by  a  distinctly  marked  sheatn ;  the  hypoderm  is  well- 
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developed.  These  normal  leaves  must  not  be  confounded  with  the 
needle,  leaves,  which  are  produced  in  the  axils  of  the  larger  or 
smaller  normal  leaves,  either  singly,  in  pairs,  or  in  threes ;  in  young 
plants  either  singly  or  in  pairs,  m  old  plants  usually  in  threes. 
The  single  needles  have  a  large  central  nbro- vascular  bundle  and 
well-marked  sheath,  surrounding  a  quantity  of  tissue  belonging 
to  the  fibro-vascular  mass.  The  stomata  are  placed  in  rows  all 
round  the  cylindrical  leaf.  There  are  two  resin-canals,  and  abun- 
dance of  hypoderm  is  develoned  between  the  rows  of  stomata. 
The  leaves  in  pairs  are  half-cylindrical,  stomata  on  both  surfaces, 
and  with  a  small  fibro-vascular  bundle  in  a  mass  of  tissue,  sur- 
rounded by  a  circular  sheath.  The  hypoderm  is  well  developed, 
and  there  are  two  resin-canals  in  each  needle.  When  in  threes 
the  needles  are  triangular,  with  a  double  fibro-vascular  bundle  and 
no  resin-canals.  The  variation  in  the  structure  of  the  needles  is 
remarkable,  and  the  production  of  large  green  normal  leaves 
seems  to  be  a  unique  character,  as  yet  quite  overlooked  by 
botanists. 

20th  February,  1879. 

The  stated  meeting  of  the  Club  appointed  for  the  above  even- 
ing did  not  take  place  owing  to  the  recent  sudden  and  lamented 
death,  on  8rd  inst.,  of  one  of  the  members,  John  Barker,  M.D., 
P.E.C.S.L 

20th  March,  1879. 

Fossil  Calcareous  Al^a  and  remarks  thereon. — Dr.  E.  Perceval 
Wright  exhibited  specunens  of  Oymopolia  rosarium,  Lamr.,  and 
JBolytrypa  elongata,  Defranc,  side  by  side  and  called  the  attention 
of  the  Club  to  the  very  important  memoir  of  M.  Munier-Chalmas, 
"  Sur  les  Algues  calcaires  appartenant  au  groupe  des  Dasycladdes 
Harv.  et  conf odues  avec  les  Foraminiferes,"  which  was  published 
in  the  *  Comptes  rendus  hebdomadaires  of  the  French  Academy  of 
Science '  for  October  29th,  1877,  and  which  opened  up  quite  a 
new  or  almost  a  new  field  of  research,  which  has  been  followed 
up  by  the  same  author  in  a  note  presented  last  month  to  the 
Geological  Society  of  France,  "  On  tne  genus  Ovulites."  Though 
regarded  by  some  of  the  most  eminent  palaeontologists  as  a 
monothalamic  Foraminifer  related  to  Lagena,  the  genus  Ovulites 
is  herein  clearly  demonstrated  to  be  neither  more  nor  less  than  an 
articulation  of  a  siphonaceous  alga  having  very  close  affinities  to 
Penicillus. 

Ovulites  margaritula  is  described  by  Messrs.  Parker  and  Jones 
"  as  a  common  Foraminifer  of  the  *  Calcaire  grossier.*  Shaped 
like  an  egg,  and  when  full  grown,  about  the  size  of  a  mustard- 
seed,  it  is  one  of  the  most  elegant  of  the  fossil  forms.  The 
large  terminal  apertures,  moreover,  curiously  impress  upon  the 
mind  its  resemblance  to   a  *  blown'  bird's-egg.      [Written  in 
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I860;  nowadays  birds'  eggs  are  not  thus  blown.]  It  is  the 
largest  of  the  monothalamous  Foraminifera.  As  a  species  it 
appears  to  have  been  short-lived.  Folly  developed  in  the  deposits 
of  Hauteville  and  Grignon  it  breaks  in  at  once  in  the  Eocene 
period.  It  lingers  as  an  attenuated  form  in  the  Miocene  beds 
of  San  Domingo.  A  recent  Ovulite  has  not  been  met  with. 
Scarcely  another  Foraminifer  presents  us  with  a  similarly  brief 
history — an  undescribed  form  allied  to  Dactylopora  affording 
almost  the  only  parallel  (namely,  Acicularia  pavantina. 
d'Arch.)." 

In  passing  it  may  be  noted  that  without  doubt  this  last  men- 
lined  form  is  also  only  a  portion  of  a  calcareous  alga. 

The  earlier  memoir,  of  which  the  *  Comptes  rendus '  publishes 
only  an  extract,  reminds  us  that  it  is  not  so  very  long  ago  (1842) 
since  Prof.  Decaisne  demonstrated  that  a  number  of  marine 
forms  known  as  zoophytes,  Corallina,  Cymopolia, Neomeris,  Peni- 
cillus,  Udotea,  Halimeda,  &c.,  were  in  reality  veritable  algaa,  but 
we  may  remark  that  Professor  Schweigger,  of  Konigsberg,  had 
from  actual  observation  of  living  specimens  of  several  species  of 
these  calcareous  alg»  at  Yillefranche,  come  to  the  same  conclusion 
in  1818  (Beobachtungen  auf  naturhistorichen  Beisen.  Anat.- 
phys.  TJntersuchungen  iiber  Corallen,'  Berlin,  1818),  and  if 
one  were  to  go  back  to  the  pre-Linnean  times  Bay  (1690) 
described  Corallina  as  **  plant®  genus  in  aquis  nascens,"  and 
Spallanzani,  Carolini,  and  Olivi,  even  maintained  the  same 
against  the  peculiar  reasonings  of  Ellis,  the  authority  of  Lin- 
neus,  and  despite  the  conversion  of  Pallas ;  but  so  influenced 
by  authority  were,  apparently,  most  botanists  down  to  1842, 
that  a  Professor  of  Botany  in  the  Edinburgh  University  (Gra- 
ham) politely  requested,  it  is  said,  the  zoologists  to  keep  their 
Cryptogamia  to  themselves,  and  a  Professor  of  Botany  in  the 
Dubbn  University  (Harvey),  in  the  first  edition  of  his  *  Manual 
of  British  Algae  *  (1841),  did  not  include  any  of  the  Corallines. 
Since  the  memoirs  of  Decaisne  and  Chauvin,  all  this  has  changed, 
and  we  imagine  that  there  is  now  no  difference  of  opinion 
existing  among  botanists  as  to  the  general  affinities  of  the  living 
forms  of  calcareous  algae. 

M.  Munier-Chalmas  in  his  memoir  demonstrates  that  there 
must  be  also  added  to  this  group  a  numerous  series  of  fossil 
forms  which  the  old  authors  placed  among  the  polyps,  and 
which  most  of  the  modern  writers  on  the  subject  have  ranked 
amoDg  the  Foraminifera.  Bosc,  in  1806,  described  and  figured 
(*  Journal  de  Physique,'  Juin,  1806)  some  fossil  organised  bodies 
under  the  name  of  Riteporites  ovoides,  for  which  bodies  Lamarck, 
in  1816,  established  the  genus  Dactylopora.  "  The  most  singular 
varieties  of  opinion  have  existed,"  writes  Dr.  Caroenter  in  his 
well-known  *  Introduction  to  the  Study  of  the  Foraminifera,' 
as  to  the  true  character  of  these  fossil  organisms.  In  separating 
them  generically  from  Betepora  Lamarck  still  associated  them  in 
the  same  group  of  supposed  zoophytes ;  this  position  was  also 
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accepted  for  the  genus  by  De  Blainville  and  Defranc."  [It 
is  but  justice  to  De  Blainville  to  point  out  that  he  quotes  without 
disapproval  the  statement  of  Schweigger,  "  que  les  dactylopores 
et  les  ovulites  ne  sont  rien  autre  chose  que  des  articulations 
d'une  grande  esp^ce  de  cellaire,  analogue  k  la  cellaire  salicome  '*] . 
"  In  1852  Dactylopora  was  included  among  the  Foraminifera  by 
d'Orbigny,  who  showed,  notwithstanding,  by  the  place  he  as- 
signed to  it,  a  misapprehension  of  the  re^  nature  scarcely 
less  complete  than  that  under  which  his  predecessors  had 
lain;  for  he  ranks  it  in  his  order  MonostSgues,  next  to  the 
unilocular  0?ulite8>  and  says  of  it :  *c'est  une  Ovulite  ^alement 
perc^e  des  deux  bouts,  pourvue  des  larges  pores  plac^es  par  lignes 
transverses.*  How  utterly  erroneous  is  this  description  will  appear 
from  the  details  to  be  presently  given,  yet  d*Orbigny's  authority 
has  given  it  currency  enough  lo  cause  it  to  be  accepted  by  such 
intelligent  palaBontologists  as  Pictet  and  Bronn,  who  in  the  latest 
editions  of  their  respective  treatises  have  transferred  Dactylopora 
to  the  place  indicated  by  him,  not,  however,  without  the  expres- 
sion of  a  doubt  on  the  part  of  Bronn  as  to  whether  the  true 
glace  of  the  genus  is  not  among  the  FistulidsB  in  alliance  with 
ynapta  and  Holothuria— a  suggestion  that  indicates  a  perversion 
of  ideas  on  the  subject  for  which  it  is  not  easy  to  account. 
The  complex  structure  of  the  organism  in  question  was  first 
described  and  the  interpretation  of  that  structure  on  the  basis 
of  an  extended  comparison  with  simpler  forms  was  first  given  by 
Messrs.  Parker  and  Jones  in  so  unobtrusive  a  manner  as  scarcely 
to  challenge  the  attention  which  their  investigations  deserve,  and 
I  gladly  avail  myself  of  the  opportunity  which  the  present  publi- 
cation affords  to  give  a  fuller  account,  with  the  requisite  illus- 
trations of  this  remarkable  type,  the  elucidation  of  which  seems 
to  me  not  unlikely  to  lead  to  a  reconsideration  of  the  place 
assigned  to  many  other  organisms  at  present  ranked  amongst 
Zoophytes  or  Polyzoa ; "  and  then  follow  nine  pages  of  a  most 
elaborate  description  of  every  ridge  and  furrow,  of  every  eleva- 
tion and  depression  to  be  met  with  in  any  of  the  so-called  species, 
80  that  probably  no  single  vegetable  cell  was  ever  before  so 
minutely  described. 

The  genus  is  placed  the  eleventh  in  order  of  the  family  Mi- 
liolida,  a  family  which  contains  some  of  the  most  typical  of 
Poraminifers.  "  It  may  be  conjectured  without  much  improba- 
bilitv,"  writes  Dr.  Carpenter,  **that  Dactylopora  is  only  the 
single  representative  of  a  group  whose  various  forms  filled  up 
the  hiatus  which  at  present  intervenes  between  itself  and  its 
nearest  allies  among  the  ordinary  Foraminifera.'*  But,  writes 
M.  Munier-Chalmas,  "  the  study  and  comparison  of  species  of 
Dasycladus,  Cymopolia,  Acetabularia,  Neomeris,  &c.,  in  the  her- 
barium of  the  museum,  and  in  that  of  M.  Ed.  Bornet,  who  placed 
without  reserve  at  my  disposal  his  library  and  collections  of  these 
plants,proved  to  me  that  the  species  of  Dactylopora,  Acicularia, 
Poly  try  pa,  Ac,  are  decidedly  algsB,  very  nearly  allied  to  species  of 
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the  recent  genera  just  quoted,  if  not  identical  therewith."  The 
accompanying  figures  of  specimens  exhibited  show  plainly,  for 
example,  that  the  genera  Cymopolia   and    Folytrypa  may  be 


CyMOPOLIA  and   POLTfTRYPA. 

Fig.  1. — ^Transverse  section  of  a  morsel  of  the  calcareous  tabe  of  Cymopolia 

rosarium,  Lamr.,  showing  the  canals  which  receive  the  whorl  of  cellules 

and  the  central  sporangul  cavity. 
Fig.  2. — ^Transverse  section  of  Pofytrypa  elongata,  Defrance,  showing  the 

same  portions. 
Fig.  3. — Part  of  a  whorl  of  cellules  of  Cymopolia  rosarium,  separated  from 

the  calcareous  tube  by  acid,    a,  Wall  or  central  cellule ;  b,  first  row  of 

cellules ;  c,  terjninal  whorl  of  cellules,  in  the  centre  of  which  is  D,  the 

axillary  sporangium. 
Fig.  4.  ^Exactly  the  same  parts  in  Polytrypa  elongata,  obtained  from  a 

mould. 

united ;  for  the  typical  species  thereof  oflTer  in  every  respect  the 
same  generic  characters,  and  there  is  even  a  difficulty  to  find  for 
them  sufficiently  distinct  specific  characters.  Under  the  deno- 
mination of" Siphonea  vertioillatcey^  M.  Munier^Chalmas  unites 
(1)  '' Those  greeen-spore  bearing  algflD  arranged  by  HJarvey  in  the 
family  of  the  Dasyckdes ;  (2)  All  those  fossil  genera  related  to 
Larvana^  Clypeina,  Folytrypa,  Acicularia,  Dactylopora,  and 
Uteria.  This  group  at  present  contains  over  fifty  genera,  which 
are  for  the  most  part  to  be  met  with  in  the  triassic,  Jurassic,  cre- 
taceous, and  tertiary  strata.  In  the  number  of  those  actually 
living  there  is  a  notable  falling  off,  there  being  not  more  than 
the  seven  following  genera : — Dasycladus,  Halicoryne,  Cymopolia 
(with  two  sub-genera,  Folytrypa  and  Decaisnella,^  g^n.)*  ^oly- 
physa,  Acetabularia,  Neomeris,  and  Bometella,^  g*Q-"  [Doubt- 
less a  few  more  genera  of  recent  forms  yet  remain  to  be  de- 

'  Tf^;  Dactylopora  eruea^  Parker. 
>  Type,  Neomeris  nitida,  Harv.  MS. 
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scribed.     Thus  Chloroclados,  of  Sonder,  appears  to  be  a  good  and 
distinct  genus  allied  to  Dasycladus.] 

"  The  frond  in  the  Siphone€e  veriicillatcB  is  simple  or  dicho- 
tomous ;  it  consists  of  a  central  tubula  unicellular  axis,  around 
which  are  arranged  the  radiary  and  verticellate  ramuli,  the  exact 
arrangement  of  which  yaries  according  to  the  genera  and  to  the 
species.  In  most  of  the  species  carbonate  of  lime  is  found 
deposited  in  abundance  in  the  outer  walls  of  the  main  axis  and  ^ 
its  ramuli,  and  this  forms  around  the  plant  a  calcareous  enve- 
lope, in  which  is  reproduced  all  the  details  of  its  organisation. 
This  mineral  coating  may  consist  of  one  or  of  two  calcareous 
cylinders.  The  inner  cylinder  will  be  formed  by  the  central 
axis  and  the  first  row  of  cells  which  arise  therefrom.  The  outer 
cylinder  is  laid  down  by  the  most  external  of  the  verticels  of 
cells ;  these  terminate  by  a  splayed-out  enlargement,  the  lateral 
edges  of  which  become  more  or  less  consolidated  with  the  similar 
enlargements  of  neighbouring  cells,  and  by  thus  causing  a  reci- 
procal pressure  very  regular  hexagonal  surface  markings  are 
produced.  The  organs  of  fructification  are  themselves  sur- 
rounded by  calcareous  material,  and  assist  in  the  formation  of  the 
outer  cylinder,  a  fact  easily  seen  in  any  section  of  Gymopolia. 

**  The  result  of  such  an  organisation  is  that  when  the  organic 
vegetable  matter  becomes  destroyed  there  still  remains  in  those 
fossil  species,  which  laid  down  a  great  deal  of  calcareous  material, 
as  well  as  in  those  living  species,  which  lay  down  more  or  less 
of  it,  a  skeleton  permeated  by  canals  (rays  of  the  ramuli)  and 
chambers  (fructification).  This  arrangement,  which  permits  of 
an  exact  classification  of  the  fossil  species  being  wrongly  inter- 
preted, led  even  some  most  distinguished  authors  to  see  in  these 
morsels  of  plants  the  full  organisation  of  a  Foraminifer." 

Here  it  seems  desirable  to  add  that  the  conclusions  of  the  author 
on  this  subject  are  in  everjr  particular  acquiesced  in  by  one  in  every 
way  thoroughlj  able  to  judge  of  the  facts,  Dr.  Ed.  Bornet,  and 
on  a  careful  study  of  the  specimens  shown,  which  were  prepared 
by  Dr.  Bornet,  and  for  which  Dr.  "Wright  took  this  opportunity 
of  thanking  him,  it  was  scarcely  possible  to  conceive  the  demon- 
stration as  admitting  of  a  doubt. 

Mounted  specimens  of  nearly  all  the  recent  species  were  also 
exhibited. 

Coloured  Drawings  hy  the  late  Mr,  Stewart^  of  JEdinhurgh,  of 
some  Bupicolous  Alga,  ea:hibtted.— "Prof esBorlAcNekb  showed  some 
beautifully  executed  coloured  drawings  by  the  late  Mr.  Stewart, 
of  Edinburgh,  for  Mr.  Jenner,  of  that  city,  of  certain  rupicolous 
algae — Olceocapsa  sanguinea  and  others.  Amongst  these  was 
one  of  a  filamentous  form,  evidently,  on  the  one  hand,  related  to 
Scytonema,  and  on  the  other,  by  reason  of  its  tapering  filaments, 
related  to  Kivularia.  A  speciality  seemed  to  be  that  groups  of 
filaments  occurred  spirally  curved  and  intertwined,  giving  the 
aspect  of,  as  it  were,  a  great  cable,  the  scale  upon  which  the 
drawing    was    made    being    large,    probably    600    diameters. 
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The  cells  seemed  to  form  a  single  file,  mode  of  branching  not 
evident.  T!he  probablj^  inner  and  older  portions  of  the  mass 
appeared  colourless,  whilst  the  seemingly  more  Tigorous  portions 
showed  a  brown  colour;  the  sheath  very  thick.  This  curious 
form  (with  the  rest)  was  found  on  rocks  in  Arran. 

Oosmarium  acanthophorum,  Nordstedt,  exhibited,  —Mr.  Archer 
showed  an  example  from  Professor  Nordstedt's  hands  of  his  so- 
called  Oosmarium  acanthaphorwn,  "Why  he  refers  this  form  to 
Cosmarium  at  all,  and  not  to  Xanthidium,  Mr.  Archer  could  not 
see,  as  it  seemed  undoubtedly  to  come  under  the  latter  genus, 
just  as  decidedly  as  do  Xanthidium  aculeatum,  X  Nbrdsiedtii,  or 
the  common  X  antilopcmtm,  Mr.  Archer  showed  in  illustration 
Xanthidium  aculeatum  side  by  side. 

Exhibition  of  Helminthosporium  echinulatum,  Berk. — 
Mr.  Greenwood  Pirn  showed  Selminthosporium  echinulatumy 
Berk.,  which  occurred  in  considerable  abundance  on  the  frost- 
killed,  though  not  fallen,  leaves  of  Eucalyptus  globulus  in  his 
garden  at  Monkstown.  It  is  a  very  distinct  form,  being  the  only 
one  of  the  genus  in  which  echinulate  spores  are  found.  It  seems 
to  be  rare,'  as  Cooke  quotes  but  one  authority,  viz.  Eev.  M. 
J.  Berkeley,  in  '  G-ardeners*  Chronicle,'  1870,  who  found  it  on 
carnation-leaves — a  locus  for  numerous  microscopic  fungi.  The 
plant  shown  accorded  exactly  with  Berkeley's  figure. 

Exhibition  of  Section  of  Testicle — Mr.  B.  Wills  Eichardson 
exhibited  two  complete  sections  of  the  testicle,  with  portion  of 
the  epididymis  of  a  boy  nine  years  of  age.  They  were  made  with 
the  freezing  microtome  and  were  cut  from  before  backwards 
parallel  to  the  side  of  the  organ,  were  unbroken  and  exceedingly 
thin.  One  was  an  anilin  blue  staining,  the  other  a  picro- 
scarlet  made  with  picric  acid  and  a  scarlet  obtained  from 
Messrs.  Brooke,  Simpson,  and  Spiller,  of  London.  This  section 
was  first  stained  with  an  alcoholic  solution  of  the  picric  acid, 
then  washed  in  rectified  spirit  and  subsequently  coloured  with  an 
alcoholic  solution  of  the  scarlet.  Half  an  hour  or  so  sufficed  for 
the  process.  When  sufficiently  stained  with  the  scarlet,  the 
section  was  again  washed  in  alcohol  and  finally  mounted  in 
dammar  solution. 

Section  of  Quartzite  from  Nephin. — Professor  Hull,  P.E.S., 
exhibited  a  thin  section  of  the  micaceous  quartzite  of  Nephin. 
It  is  of  a  light  grey  colour,  exhibiting  slight  traces  of  foliation, 
and  containing  numerous  minute  flakes  of  mica.  The  plane  of 
the  section  is  at  an  angle  of  about  25°  to  that  of  foliation.  With 
2-inch  objective  the  mass  appears  to  consist  of  colourless,  trans- 
lucent quartz,  with  numerous  elongated  crystals  of  mica,  lying  in 
nearly  parallel  directions.  With  the  polariscope  the  silica 
resolves  itself  into  distinct  granules,  irregular  m  form  and 
polarising  vividlv,  particularly  with  crossed  Nicols,  when  it  shows 
a  variegated  field  of  purple,  blue,  yellow,  pink,  light  yellow, 
light  blue  colours.  The  mica  also  polarises  and  shows  the  usual 
deep  scars  of  the  planes  of  cleavage.  With  ^  objective  minute  cells 
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are  seen  in  the  silica.  It  is  clear  that  the  original  grains  of  sand 
of  which  the  rock  was  formed  before  metamorphism  still  retain 
their  individuality. 

At  the  close  of  the  meeting  the  following  Besolution  was 
passed : — Besolved  that ''  the  Club  desire  to  place  on  record  their 
sei^se  of  the  great  loss  which  they  have  sustained  by  the  sudden 
death  of  their  ordinary  member,  Dr.  John  Barker.  He  was  a 
long  esteemed  and  much  valued  colleague,  always  ready  for  any 
act  of  friendly  kindness,  genial  and  warm-hearted,  faithful  and 
true.  By  those  of  the  Club  who  knew  him  long  and  intimately, 
as  well  by  the  pond-side  as  by  the  fire-side,  he  will  be  equally 
missed  and  regretted,  nor  can  his  place  among  us  be  ever  filled 
by  one  more  sincere  to  his  friends  or  to  everything  he  thought 
honest  and  upright." 
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Dr.  Gotte's  arrangement  as  far  as  practicable. 

The  preparation  of  the  Triton  embryos  was  attended  with 
considerable  difficulty.  It  was  found  in  all  cases  advisable 
to  remove  the  albumen  from  the  ovum  before  hardening. 
The  vitellus  is  quite  liquid^  and  the  vitelline  membrane  is  so 
excessively  delicate  that  this  operation  must  be  conducted 

>  A.  Gotte, '  Entwickelon^geschicte  der  Unke.' 
'  The  term  "  Batrachia,"  is  used  in  this  paper  in  the  restricted  sense  as 
equivalent  to  the  Anurout  Amphibia. 
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On  same  Points  in  the  Early  Dbyelopment  of  the 
Common  Newt.  By  W.  B.  Scott,  B.A.,  Fellow  of 
the  College  of  New  Jersey,  Princeton,  and  Henry  F. 
OsBORN,  B.A.,  Princeton.     (With  Plates  XX  and  XXI.) 

The  present  paper  records  a  series  of  observations  on 
the  development  of  Triton  taeniatus  (and  partially  also  T. 
cristatus)^  made  by  the  writers  in  the  Morphological 
Laboratory  of  the  University  of  Cambridge. 

It  deals  chiefly :  (1)  with  the  formation  and  character  of 
the  germinal  layers ;  {2)  the  development  of  the  notochord ; 
(S)  the  extension  of  the  body  cavity  into  the  head,  and  the 
formation  of  mesoblastic  somites  in  that  region;  (4)  the 
development  of  the  thyroid  body. 

With  a  view  of  making  the  following  account  as  clear  as 
possible,  we  have  chosen  a  sepes  of  embryos  showing  the 
most  important  steps  in  development,  and  have  designated 
the  stages  which  they  represent  by  letters  in  imitation  of  the 
plan  adopted  by  Mr.  Balfour  in  his  'Monograph  on  the 
Development  of  the  Elasmobranch  Fishes.*  And  we  have 
further  endeavoured  to  make  these  stages  correspond  to  those 
of  Bombinator  igneus,  as  figured  by  Dr.  Gotte  ^  in  his  great 
work.  As  might  be  expected,  Triton  in  many  ways  shows  a 
close  resemblance  to  the  Batrachian,^  and  yet  at  the  same 
time  it  presents  a  number  of  curious  and  striking  differences 
from  that  type.  In  order  to  elucidate  tbese  we  have  followed 
Dr.  Gotte's  arrangement  as  far  as  practicable. 

The  preparation  of  the  Triton  embryos  was  attended  with 
considerable  difficulty.  It  was  found  in  all  cases  advisable 
to  remove  the  albumen  from  the  ovum  before  hardening. 
The  vitellus  is  quite  liquid,  and  the  vitelline  membrane  is  so 
excessively  delicate  that  this  operation  must  be  conducted 

>  A.  Gotte, '  Entwickelon^geschicte  der  Unke.' 
'  The  term  ''  Batraohia,"  is  used  in  this  paper  in  the  restricted  sense  as 
equivalent  to  the  Anurous  Amphibia, 
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with  the  greatest  care ;  and  as  the  albumen  is  permeated  by 
several  membranes,  it  was  found  necessary  to  cut  these 
with  fine  scissors  before  the  embryo  could  be  with  safety 
extracted.  Many  hardening  reagents  were  experimented 
with — osmic  acid,  bichromate  of  potash,  MuUer's  fluid,  &c., 
but  the  most  satisfactory  one  proved  to  be  Kleinenberg's 
picric  acid,  with  which  nearly  all  the  embryos  described  in 
the  following  pages  were  prepared.  In  those  cases  where  the 
entire  egg  was  hardened  without  previously  removing  the 
albumen,  the  results  were  most  unsatisfactory.  Kleinen- 
berg's  haematoxylin  was  the  staining  fluid  employed  for  the 
sections. 

A. 
This  includes  embryos  intermediate  in  age  between 
Gotte^s  figs.  39  and  40,  taf.  iii.  The  blastospore  is  quite 
small,  a  narrow  groove,  the  "  Riickenrinne,''  running  forward 
some  distance  from  its  anterior  edge.  The  medullary  folds 
do  not  as  yet  appear  in  surface  views.  The  ovum  is  still 
almost  perfectly  spherical  in  shape. 

B  (XJnke,  Taf.  iii,  figs.  40  and  41). 

At  this  stage  the  medullary  folds  become  well  developed 
and  very  plainly  marked.  As  yet  they  are  widely  separated. 
The  medullary  plate  is  formed,  but  the  groove  which  divides 
it  into  two  parts  does  not  reach  far  forwards  of  the  middle ; 
or^  any  rate,  if  present  anteriorly,  is  extremely  faint.  The 
ovum  has  elongated  very  slightly,  but  still  appreciably. 

C  (Taf.  iii,  fig.  42). 

The  medullary  folds  now  become  still  more  pronounced, 
and  begin  to  approach  each  other.  The  point  of  closest 
approximation  is  in  the  region  which  will  eventually  become 
the  neck,  and  here  is  the  first  point  of  contact,  just  as  it  is 
in  the  Batrachia.  The  medullary  plate  is  plainly  divided 
throughout.  The  elongation  of  the  embryo  is  not  much 
more  marked  than  it  was  in  the  previous  stage. 

D  (see  PI.  XXI,  fig.  16). 

Up  to  this  stage  no  important  external  difierences  between 
Triton  and  Bombinator  are  apparent,  but  now  a  number  of 
points  of  divergence  begin  to  be  noticeable.  The  medullary 
folds  have  closed  throughout  the  regicm  of  the  trunk,  but 
still  remain  open  in  the  head.  Posteriorly  they  separate  to 
form  a  sinus  imoniboicUUis  ;  this  does  not  seem  to  be  merely  a 
part  of  the  canal  which  has  not  yet  closed,  but  a  genuine 
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dilatation.  It  is  either  absent  or  very  transitory  in  Bombi- 
nator.  As  the  folds  enclose  the  blastopore,  which  remains 
open  till  a  much  later  period,  the  sinus  gives  a  communica- 
tion from  the  exterior  to  the  alimentary  canal.  When  the 
siniis  closes  there  is  still  the  communication  between  the 
neural  and  alimentary  canals,  which  has  now  been  observed 
in  so  many  types  (Amphioxus,  Accipenser,  Elasmobranchii, 
Bombinator,  &c.).  The  elongation  of  the  embryo  becomes 
very  decided,  and  one  surface  of  it  becomes  nearly  flat ;  in 
Bombinator  this  is  the  dorsal  surface ;  in  the  Newt  it  is  the 
ventral,  so  that  the  latter  is  curved  over  the  yolk.  This 
difference  is  due  merely  to  the  larger  amount  of  food-yolk 
in  the  egg  of  the  Urodele,  and  Cannot  be  considered  of  any 
great  morphological  significance.  The  bearings  of  the 
increased  quantity  of  food-yolk  will  be  discussed  further  on. 

E. 

This  stage  includes  embryos,  perhaps  not  quite  so  far 
advanced  as  the  one  figured  in  Gotte's  Taf.  iii,  fig.  50.  The 
closure  of  the  medullary  folds  is  now  complete  throughout, 
and  the  vesicles  of  the  brain  afe  obscurely  marked.  The 
cranial  flexure  is  already  decided,  and  the  whole  embryo  is 
somewhat  curved  upon  itself,  causing  the  ventral  surface 
to  assume  a  concate  outline  (except  posteriorly,  where  the  large 
mass  of  yolk  produces  a  bulge).  A  trace  of  the  opening  of 
the  sinus  is  stul  apparent. 

P  (Taf.  iii,  fig.  5«). 
The  ventral  curvature  now  becomes  stronger,  as  does  also  the 
cranial  flexure.  The  curvature  is  in  an  opposite  direction  to 
that  taken  by  Bombinator.  The  vesicles  of  the  brain  are  very 
distinct,  and  the  optic  vesicles  which  commenced  in  the  last 
stage  are  now  remarkably  large,  much  more  conspicuous  than 
in  the  Bombinator  of  corresponding  age.  Another  difference 
presents  itself  in  the  fact  that  in  the  latter  the  optic  vesicle 
is  an  elongated  oval,  while  in  the  former  it  is  hemispherical. 
The  rudiments  of  the  fifth  and  seventh  pairs  of  cranial 
nerves  appear  as  buds  from  near  the  dorsal  part  of  the  hind 
brain,  higher  up  than  in  Bombinator.  A  few  protovertebree 
have  been  formed.  Up  to  this  time  there  has  been  little  or 
no  increase  in  absolute  size,  the  changes  in  form  being  pro- 
duced by  the  elongation  and  narrowing  of  the  embryo. 

G. 

In  this  stage  the  cranial  flexure  is  carried  further,  and  the 
head,  as  a  whole,  has  taken  a  spherical  shape,  very  differen 
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from  the  shape  assumed  by  the  Batrachian  head.  The 
rudiments  of  the  visceral  arches  appear^  and  the  tail  begins 
to  bud  out  from  the  yolk  sac  as  an  unsegmented  mass  of 
mesoblast.    The  number  of  somites  has  increased. 

H  (Taf.iii,  fig.  58). 
The  elongation  of  the  embryo  has  now  progressed  to  a 
very  considerable  extent.  The  cerebral  hemispheres  bud  out 
as  an  unpaired  rudiment  from  the  forebrain.  Four  visceral 
arches  and  three  clefts  have  been  formed.  The  tail  has  elon- 
gated somewhat^  and  is  still  unsegmented.  We  have  been 
unable  to  discover  anything  of  the  suckers  or  horny  teeth 
found  in  the  Batrachian  larvae. 

I  (Taf.  iii,  fig.  54).     (See  also  PI.  XXI,  fig.  17). 

This  stage  exhibits  a  general  advance  in  development,  but 
the  only  new  feature  is  the  appearance  of  the  involution  for 
the  mouth.  This  is  transversely  elongated,  differing  from 
the  mouth  involution  of  Bombinator.  The  head  shows 
swellings,  which  correspond  in  position  to  those  which  Gotte 
has  named,  respectively,  kidney  swelling,  lateral  nerve, 
seventh  and  fifth  nerves,  auditory  vesicle,  and  Gasserian  gan- 
glion ;  but,  owing  to  the  fact  that  the  curvature  is  in  the 
opposite  direction,  these  organs  are  separated  by  wider  inter- 
vals than  in  Bombinator. 

We  shall  have  occasion  to  refer  to  one  or  two  later  stages 
(k  and  l),  which  are  marked  by  general  increase  in  size, 
the  formation  of  the  lens,  and  the  appearance  of  the  external 
gills. 

Segmentation  and  Formation  of  the  Layers. 

We  have  not  succeeded  in  securing  a  complete  series  of 
specimens  showing  all  the  stages  of  segmentation,  but  from 
those  which  we  have  observed  there  can  be  little  doubt  that 
it  proceeds  very  much  in  the  same  manner  as  in  the  Frog. 
Segmentation  is  asymmetrical,  and  this  characteristic  begins 
to  appear  at  a  very  early  period.  The  earliest  stage  we  have 
seen  shows  two  longitudinal  furrows,  which  cut  each  other  at 
right  angles  at  the  upper  part  of  the  egg,  and  passing  down 
the  sides,  gradually  fade  and  disappear  before  reaching  the 
lower  pole.  The  food-yolk  even  at  this  period  preponderates 
in  the  lower  part  of  the  egg,  and  thus  prevents  the  yolk- 
division  taking  place  so  rapidly  as  it  does  above.  These 
furrows  may  be  compared  to  two  meridians  on  a  globe;  the 
next  one  (judging  from  the  analogy  of  the  Frog)  represents 
the  equatorial  furrow  in  Amphioxus,  but,  for  the  reason  above 
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Stated^  it  is  much  nearer  to  the  upper  pole  than,  to  the  lower, 
and  this  gives  at  once  the  distinction  of  larger  and  smaller 
blastomeres.  The  smaller  blastomeres  grow  round  the  ovum 
over  the  larger^  and  bear  the  same  relation  to  them  as  they 
do  in  the  Frog.  The  segmentation  cavity  appears  early,  and 
from  the  very  first  its  roof  is  only  one  cell  thick,  just  as  in 
the  case  of  the  Lamprey.  As  we  shall  see  later  the  epiblast 
is  at  first  composed  of  one  layer,  and  hence  the  roof  of  the 
cavity  is  covered  by  epiblast  only.  In  the  Elasmobranch 
Fishes  the  roof  of  the  cavity  is  formed  by  lower  layer  cells 
also,  and  this  Mr.  Balfour  explains  by  the  increase  in  the 
quantity  of  food-yolk  in  the  cells,  compelling  them  to 
creep  up  the  sides  of  the  cavity.  Although  there  is  propor- 
tionately more  food  material  in  the  Newt^  egg  than  in  that 
of  the  Frog  the  increase  is  relatively  small  and  does  not 
affect  the  position  of  the  cells.  The  only  difference  between 
the  two  at  this  stage  consists  in  the  fact  that  the  roof  of  the 
cavity  in  the  Frog  is  two  or  more  cells  thick,  and  in  the 
Newt  only  one.  In  short,  the  ovum  of  the  latter  resembles  the 
morula  of  Amphioxus  with  a  large  amount  of  f6od  material 
stored  away  in  its  lower  part.  Judging  from  the  descrip- 
tions of  Calberla,  it  is  in  no  way  different  from  the  ovum  of 
Petromyzon  of  corresponding  age.  The  floor  of  the  segmen- 
tation cavity,  as  in  all  ova  which  contain  food-yolk,  is  formed 
by  the  upper  layer  of  yolk-cells  from  which,  eventually, 
the  ventral  epithelium  of  the  alimentary  canal  is  in  part 
derived. 

The  next  step  in  development  is,  as  in  the  Batrachians,  a 
process  of  invagination,  and,  as  in  them,  it  is  an  unsym- 
metrical  invagination.  The  disturbing  cause  is  in  both  cases 
the  presence  of  the  food-yolk  below.  Owing  to  the  fact  that 
the  food  to  be  made  available  must  be  placed  upon  the  ventral 
side  of  the  body^  the  invagination  must  in  this  region  take 
place  very  slowly  or  not  at  all.  By  this  simple  considera- 
tion Mr.  Balfour  explains  the  unsymmetrical  gastrula  of  the 
higher  Vertebrates. 

At  the  period  when  our  study  of  the  two  lower  layers 
proper  begins,  segmentation  is  complete;  the  lips  of  the 
blastopore  are  rapidly  nearing  each  other ;  the  epiblast  con- 
sists of  a  single  layer  of  partly  columnar,  partly  wedge- 
shaped,  cells,  and  has  already  in  great  measure  attained  those 
characters  which  persist  throughout  several  of  the  following 
stages. 

.  At  the*  lip  of  the  invagination  (see  Plate  XX,  fig.  2)  there 
is  a  decided  swelling  produced,  in  part  by  a  lengthening,  in 
part  by  a  reduplication  of  the  cells^  a  histological  change 
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analogous  to  that  which  has  been  pointed  out  in  the  so-called 
embryonic  rim  in  the  Elasmobranchs.^  The  cells  have 
a  radiated  arrangement,  losing  as  they  are  reflected  inwards 
their  columnar  character  and  becoming  more  spindle-shaped. 
As  they  approach  the  inner  side  of  the  lip  they  are  quadrate, 
then  oblong,  then  columnar,  their  out^r  ends  abutting 
against  the  inner  ends  of  the  long  epiblast  cells.  As  the 
sections  pass  into  the  lateral  region  of  the  embryo,  this  rela- 
tion is  lost,  and  confluent  with  the  forming  hypoblast  cells 
are  the  parent  mesoblast  cells.  The  latter  may  fairly  be 
considered  to  arise  actually  from  the  point  of  invagination 
and  not  as  a  secondary  splitting  off  from  the  hypoblast  on 
either  side. 

Two  longitudinal  sections  of  an  embryo  at  this  period 
have  been  figured  in  Plate  XX,  figs.  2  and  8.  Fig.  2  represents 
a  section  passing  through  the  median  line,  and  those  changes 
in  the  epiblast  at  the  lip  of  the  blastopore  which  have  been 
just  referred  to,  may  be  followed.  The  alimentary  canal  has 
not  proceeded  far  forwards,  but  the  cells  of  the  upper  yolk 
are  plainl]^  forming  the  future  hypoblast  cells.  The  segmen- 
tation cavity  is  being  pressed  downwards ;  the  section  is  in 
the  median  line  behind  and  out  of  the  median  line  in  front. 
The  reverse  is  true  of  the  succeeding  section  (fig.  S),  which 
represents  the  growth  of  the  mesoblast  at  the  sides  of  the 
invagination  and  the  actual  forward  progress  of  the  alimen- 
tary canal  in  the  middle  line.  It  illustrates  the  position  and 
advancing  obliteration  of  the  segmentation  cavity.  Compar- 
ing the  two  sections,  a  very  fair  idea  can  be  formed  of  the 
advance  of  the  embryo  in  the  early  part  of  the  stage  (a). 

The  process  at  the  sides  of  the  median  line  in  Triton  is 
then  homologous  to  that  which  Gotte^  represents  as  occur- 
ring in  the  median  line  in  Bombinator,  a  construction  which 
aids  him  in  carrying  out  his  peculiar  views  of  the  development 
of  the  notochord  from  the  mesoblast. 

Calberla,^  on  the  contrary,  describes  as  the  immediate 
result  of  invagination,  in  Mana  temporaria,  the  primary 
entoderm.  This  does  not  split  in  the  median  line,  while  at 
the  sides  it  splits  soon  after  formation,  to  give  rise  to  the 
lateral  plates  of  mesoderm.  A  fuller  notice  of  his  views 
will  be  given  later. 

1  Fide  Balfour, '  Elasmobranch  Fishes,'  chap,  ii,  p.  43. 

'  Fide  Alexander  Goette,  "  Bntwickelungsgeschicnte  der  Unke,"  *  Atlas,' 
Tafel.  ii. 

^  E.  Galberla,  '*  Zur  Sntwiokolang  des  Medallarrohres  and  der  Chorda- 
dorsalis  der  Teliostier  und  Petromyzonteu,"  p,  261,  *  Morphologischen  Jahr- 
buch,'  3, 1877. 
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Our  sections  do  not  wholly  accord  with  the  observations 
of  either  of  the  above^  for  if  it  is  clear  that  the  invagination 
gives  rise  in  the  median  line  to  a  single  layer  of  cells^  it  is 
equally  clear  that  at  the  sides  it  gives  rise  to  a  double  layer, 
namely,  of  mesoblast  as  well  as  hypoblast. 

The  process  in  Triton  agrees  then  more  closely  with  that 
occurring  in  the  Elasmobranch  Fishes,^  where  the  lower  layer 
cells,  confluent  with  the  reflected  epiblast  on  either  side  of 
the  axial  line,  form  a  layer  of  spherical  cells  above  and  co- 
lumnar cells  below,  and  the  former  is  ultimately  separated  off 
as  the  mesoblast  proper,  while  in  the  axial  line  the  lower 
layer  cells  give  rise  simply  to  a  columnar  layer. 

Now,  turning  to  the  transverse  section  of  a  Triton  embryo 
Stage  A  (see  Plate  XX,  fig.  4)  we  find  that  it  adds  still 
further  probability  to  this  view,  for  the  relations  of  the 
layers  fiilly  accord  with  the  above  interpretation  of  the 
invagination. 

Now,  as  concerns  the  further  growth  of  the  mesoblast,  it 
results  from  the  foregoing  conclusions  concerning  the  hypo- 
blast that  the  mesoblast  is  never  present  across  the  axial 
line  in  the  early  stages.  In  transverse  sections  of  Stage  a 
it  appears  as  two  lateral  plates  extending  on  either  side  to 
a  point  just  above  the  side  limits  of  the  alimentary  canal. 
The  layer  where  it  is  nearest  the  alimentary  canal  consists  of 
small  round  cells,  one  or  two  deep,  which  can  be  readily  dis- 
tinguished from  the  adjacent  hypoblast.  These  are  the 
cells  which  we  have  just  referred  to  as  having  resulted  from 
invagination,  and  we  shall  speak  of  them  hereafter  as  the 
primary  mesoblast  cells. 

In  conclusion^  all  the  observations  we  have  made  favour 
the  above  interpretation,  while  none  in  any  way  disprove  it. 

Thus,  at  once  three  important  distinctions  are  established 
between  the  development  of  the  layers  at  the  point  of  invagina- 
tion in  Triton  and  Bombinator,  if  we  accept  in  full  Dr.  Gotte*s 
investigations  of  the  latter.  First:. in  Triton  there  is  a 
decided  thickening  of  the  single  layered  epiblast  as  it 
approaches  the  point  of  invagination.  In  Bombinator  there 
is  none.  Second :  the  resulting  hypoblast  in  the  axial  line 
is  in  direct  contact  with  the  epiblast.  There  is  no  inter- 
vening mesoblast  as  in  Bombinator.  Third :  the  mesoblast 
is  found  in  Triton  as  two  lateral  plates,  and  is  not  con- 
tinuous across  the  middle. 

These  observations, coupled  with  those  of  Calberla,we  think 
leave  little  doubt  that  Gotte  has  mistaken  the  upper  hypo- 
blast cells  for  mesoblast,  and  thus  at  the  start  fallen  into  an 
^  Fide  F.  M.  Balfoor, '  Elasmobraaeh  Fishee/  p.  49. 
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error  which  involves  some  of  his  subsequent  conclusions  in 
doubt. 

Having  thus  briefly  considered  the  origin  of  the  two  inner 
layers^  as  related  to  the  phenomena  of  invagination^  we  shall 
return  to  the  history  of  the  epiblast  from  the  beginning,  and 
resume  our  discussion  of  the  mesoblast  and  hypoblast  in  the 
subsequent  pages. 

General  Features  of  the  JEptblast, 

When  the  epiblast  can  first  properly  be  said  to  be  formed, 
it  consists  of  a  single  layer  of  very  large  quadrate  cells,  with 
large  clear  nuclei.  In  the  next  stage,  when  the  invagination 
first  commences,  the  cells  have  somewhat  lengthened  out, 
but  are  still  very  broad  (Plate  XX,  fig.  1).  When  the  in- 
vagination has  progressed  considerably,  and  the  segmenta- 
tion cavity  has  been  much  narrowed,  we  find  that  the  cells 
have  assumed  the  condition  which  they  retain  for  some  time 
after  this.  They  are  long,  narrow,  and  columnar;  most  of 
them  can  be  traced  through  the  layer  from  one  surface  to 
the  other  without  any  change  of  size,  although  here  and 
there  several  may  be  seen  which  have  a  wedge-shape,  and 
alternate  arrangement  with  their  neighbours.  The  nuclei, 
however,  are  arranged  in  two  rows,  like  those  of  the  Elasmo- 
branch  epiblast.  In  general  appearance,  up  to  this  time, 
the  epiblast  is  more  like  that  of  Petromyzon  than  of  any 
embryo  which  we  have  seen,*  but  the  arrangement  of  the 
cells  is  somewhat  more  regular.  For  a  short  time,  indeed, 
the  appearance  of  the  two  is  almost  identical,  but  in  the 
Newt  the  cells  speedily  become  narrower,  and  more  columnar 
in  character,  and  the  nuclei  assume  the  alternate  arrange- 
ment which  is  only  faintly  indicated  in  the  Lamprey. 
During  Stage  a,  when  the  medullary  groove  has  begun  to 
make  its  appearance,  the  middle  line  of  the  dorsal  epiblast, 
exhibits  a  decided  thinning  to  form  the  groove  (Plate  XX, 
fig,  4).  But  this  grove  is  not  at  this  period,  nor  do  we  find 
it  afterwards,  nearly  so  deep  or  so  wide  as  it  is  in  the  Elas- 
mobranchs.^ 

The  next  change  of  importance  takes  place  during  Stage 
B  (Plate  XX,  fig.  6),  when  the  medullary  folds  are  well 
formed.  These  folds  are  caused  by  the  multiplication  of 
cells  of  the  epiblast,  which  here  becomes  much  thickened. 
Although  the  folds  are  several  cells  thick  they  show  no  indica- 
tion of  being  separated  into  different  layers.    With  the  excep- 

*  See  a  paper  hj  Calberla,  *  Morph.  Jahrbucli,'  1877,  3,  taf.  xii,  fig.  7* 
'  Balfour,  loc.  oit.,  plate  iv,  fig.  8  a. 
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tion  of  the  medullary  plate  the  remainder  of  the  epiblast 
shows  no  especial  change  from  the  condition  seen  in  the 
preceding  stage.  In  the  medullary  plate^  on  each  side  of  the 
middle  line^  is  a  low  rounded  ridge  (Plate  XX^fig.  5),  which 
is  formed  by  the  increase  in  length  of  the  epiblast  cells^  and 
perhaps  partly  also  by  the  wedging  in  of  the  mesoblast  along 
these  two  lines. 

The  condition  of  the  spinal  cord  at  this  period  recalls  the 
the  condition  of  the  same  organ  in  the  Batrachia  of  this 
age.  For  in  the  lajter  the  nervous  and  epidermic  layers 
fuse  together  into  one  indiscriminate  mass^  and  do  not 
separate  again  till  much  later.  This  separation  takes  place 
for  the  first  time  in  Triton^  not  far  from  the  age  in  which 
it  reappears  in  the  Batrachia.  During  Stage  c  sudden  and 
rapid  changes  make  their  appearance.  The  medullary  folds 
are  now  very  prominent,  and  are  composed  of  numerous 
elongated  spindle-  and  wedge-shaped  cells^  while  in  many 
places  the  medullary  plate  shows  a  commencement  of 
the  same  process  (Plate  XX^  fig.  6).  But  as  yet  in 
neither  of  these  regions  are  any  distinct  layers  to  be  seen. 
The  lateral  epiblast  is  just  beginning  to  separate  into  two 
layers  ;  the  process  commences  immediately  outside  of  the 
medullary  folds^  and  spreads  down  the  sides  of  the  embryo, 
until  it  has  been  completed  all  around  (fig.  6).  Plate  XXI; 
fig.  9,  shows  a  drawing  on  a  larger  scale  of  the  point  where 
such  changes  are  going  on  most  actively.  Even  with  the 
aid  of  this  we  have  not  thoroughly  satisfied  ourselves  as 
to  the  exact  manner  in  which  these  changes  are  accomplished. 
Three  suppositions  may  be  made  with  regard  to  it — (1)  that 
the  upper  layer  splits  off  from  the  lower  by  a  process  of 
cell  division ;  (2)  that  the  wedge-shaped  cells  draw  in  their 
edges,  and  lying  in  alternate  arrangement  come  to  make  two 
rows,  one  above  the  other ;  (3)  that  both  of  these  have  their 
share  in  the  process.  On  the  whole  we  rather  incline  to  the. 
latter  opinion.  In  favour  of  the  alternate  decrement  of 
length  is  the  fact  that  for  some  time  preceding  the  separa* 
tion  the  nuclei  of  the  cells  are  arranged  in  two  alternate 
rows^  very  much  as  in  the  Elasmobranchs^  while  such  an 
appearance  as  shown  at  the  point  a,  fig.  9,  looks  as  if  it 
could  only  be  cell  division. 

Turning  to  Stage  d  (Plate  XX,  fig.  7),  we  find  that  in 
the  trunk  region  the  medullary  canal  is  completely  closed, 
and  the  division  of  the  epiblast  carried  entirely  around  the 
embryo^  giving  us  two  well-marked  layers.  These  are  com- 
posed of  quadrate,  somewhat  flattened  cells^  of  nearly  equal 
size  in  both  layers.    The  cells  composing  the  spinal  cord 
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are  numerous,  elongated,   wedge-  or  spindle-shaped;    but 
even  yet  there  is  no  indication  of  distinct  layers. 

As  in  the  Bird,  the  Mammal,  and  the  Elasmobranch  Fish, 
the  epithelium  lining  the  spinal  canal  does  not  become  dif- 
ferentiated till  a  considerably  later  period. 

As  a  whole  the  spinal  cord  is  now  a  hollow  cylinder  with 
very  thick  walls  and  a  very  small  lumen.  It  presents  a 
transversely  oval  section,  and  is  somewhat  indented  on  its 
lower  surface  by  the  pressure  arising  from  the  notochord. 
The  epiblast  has  met  and  coalesced  %long  the  middle  line 
above  the  canal,  though  a  slight  groove  still  shows  the  line 
of  union. 

From  this  time  forward  the  outer  layer  of  the  general 
epiblast  becomes  flatter  and  flatter,  while  the  inner  layer 
grows  more  columnar.  But  in  those  parts  of  the  skin  which 
cover  the  brain  both  layers  are  composed  of  very  much 
flattened  cells  (PI.  XXI,  fig,  13).  The  inner  or  mucous  layer, 
when  once  formed,  is  the  active  layer,  and  from  it  alone  such 
structures  as  the  lens  of  the  eye  are  derived. 

The  primitive  condition  of  the  epiblast  in  Triton  is  an 
extremely  interesting  one,  presenting  in  a  somewhat  un- 
expected manner  great  differences  from  that  of  the  Frog.  As 
is  well  known,  in  the  latter  animal  the  epiblast  is  double- 
layered  from  an  extremely  early  period,  the  roof  of  the  seg- 
mentation cavity  being  formed  by  two  layers  of  cells,  and  by 
the  time  of  invagination  there  is  an  outer  stratum  of  a  single 
row  of  flattened  cells  and  an  inner  stratum  of  several  rows  of 
rounded  cells,  the  epidermic  and  nervous  layers  of  Strieker. 
^^  Both  strata  have  a  share  in  forming  the  general  epiblast, 
and  though  eventually  they  partially  fuse  together,  there  can 
be  little  doubt  that  the  horny  layer  of  the  adult  epiblast, 
when  such  can  be  distinguished,  is  derived  from  the  epi- 
dermic layer  of  the  embryo,  and  the  mucous  layer  of  the 
epiblast  from  the  embryonic  nervous  laver.  Both  layers  of 
the  epiblast  assist  in  the  formation  of  the  cerebro-spinal 
nervous  system,  and  they  also  at  first  fuse  together,  though 
the  epidermic  layer  probably  separates  itself  again  as  the 
central  epithelium  of  the  spinal  canal.''  (Balfour,  loc. 
pit.,  p.  99.) 

AH  this  is  very  different  from  what  we  see  in  Triton.  At 
first  the  epiblast  is  of  one  layer,  and  so  remains  for  a  con- 
siderable time;  the  mucous  layer,  when  formed,  consists  of  a 
single  stratum  of  more  or  less  columnar  cells,  and  the  epi- 
thelium of  the  spinal  cord  appears  for  the  first  time  at  a  much 
later  period.  In  short,  the  condition  of  the  epiblast,  except 
iu  the  last  respect,  is  more  like  that  of  Peirotnyzan  than  that 
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of  the  BatracMa.  It  is^  as  might  be  expected^  intermediate 
between  the  two  types  in  many  ways.  In  the  Lamprey  the 
division  into  two  layers  does  not  occur  until  a  comparatively 
late  period^  some  time  after  the  larva  has  been  batched,  while 
in  the  Newt  it  occurs  as  early  as  Stage  c.  In  the  Frog  it 
is  found  from  the  first.  Another  respect  in  which  the  Newt 
is  intermediate  is  the  histological  character  of  the  layers. 
The  Elasmobranch  Fishes  in  this  respect  present  an  inter- 
mediate condition  between  the  Lamprey  and  the  Newt.  In 
them  also  the  epiblast  is  primarily  single ;  the  first  change 
consists  in  the  part  which  will  give  rise  to  the  central 
nervous  system,  becoming  several  cells  thick,  but  presenting 
no  distinction  into  two  layers.  Eventually,  later  than  in  the 
Newt,  earlier  than  in  the  Lamprey,  the  epiblast  divides  into 
mucous  and  epidermic  layers.  Both  layers  seem  to  enter  into 
the  formation  of  the  organs  of  sense,  while  in  the  Amphibians 
the  sense  organs  are  formed  exclusively,  or  almost  so  from  the 
mucous  layer,  and  in  the  Lamprey  they  are  derived  from  the 
epiblast  before  its  division  into  the  layers. 

These  facts  put  us  in  a  somewhat  favorable  position  for 
the  solution  of  the  question  as  to  whether  the  single-  or' 
double-layered  epiblast  is  the  primitive  condition.  We  are 
decidedly  of  the  opinion  that  the  conclusion  drawn  by  Mr.  Bal- 
four on  p.  100  of  his  book  on  the  Elasmobranchs  is  the  correct 
one,  viz.  that  the  single-layered  epiblast  is  the  more  primitive 
condition.  He  was  not  aware  at  that  tiipe  of  the  difference 
existing  between  the  Frog  and  the  Newt  in  this  regard,  and 
so  attributed  the  double  layer  to  the  Amphibians  generally. 
But,  as  we  have  seen,  it  is  confined  to  the  Batrachians,  a 
much  more  restricted  group,  and  is,  perhaps,  also  found  in 
Osseous  Fishes,  Besides  these  it  is  found  in  no  other  groups 
of  the  animal  kingdom,  and,  as  Mr.  Balfour  points  out,  it  is 
more  probable  that  a  particular  feature  of  development  should 
be  thrown  back  to  an  earlier  period  than  for  the  distinction 
between  the  two  layers  to  be  absolutely  lost,  and  then  to 
reappear  at  a  later  stage.  This  apriori  consideration  receives 
a  great  deal  of  support  from  the  facts  of  the  development  of 
the  Newt.  By  its  aid  we  are  enabled  to  arrange  a  series  of 
steps  of  advancing  differentiation  of  the  epiblast  from  Amphi- 
oxus  through  the  Marsipobranchs,  the  Elasmobranchs,  and 
the  Newt,  to  the  Batrachians. 

The  steps  of  this  progression  have  been  already  stated,  but 
it  may  be  well  to  summarise  them.  (1«)  Amphioxus  has  an 
epiblast  consisting  at  first  of  short  columnar  cells  in  a  single 
row.  These  afterwards  begin  to  flatten  out,  and  in  the  adult 
are  very  much  flattened,  out  never  constitute  more  than  a 
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Single  row.  The  medullary  plate  is  the  only  epiblastic 
development  which  consists  of  more  than  one  row  of  cells. 
This  fact  alone  is  of  considerable  weight  in  the  question  we 
are  considering;  and  it  should  be  borne  in  mind  throughout 
the  discussion  that,  in  the  most  primitive  vertebrate  known, 
the  epiblast  is  permanently  single-layered.  Into  the  peculiar 
method  of  the  formation  of  the  cerebro-spinal  axis  we  need 
not  enter. 

(2.)  In  the  Lamprey  the  epiblast  does  not  divide  until  very 
late;  in  fact,  not  before  the  embryo  has  for  some  time  been 
hatched  (see  Calberla,  loc.  cit.,  p.  264).  This  change 
takes  place,  however,  in  the  region  of  the  spinal  cord  before 
that  organ  has  been  formed,  just  as  is  the  case  in  Amphioxus. 
The  development  of  the  nervous  axis  presents  some  pecu- 
-  liarities  of  a  secondary  nature.  The  sense  organs  are  formed 
from  the  undivided  epiblast. 

(8.)  The  epiblast  in  the  Elasmobranch  Fishes  separates 
into  two  layers  much  earlier  than  it  does  in  the  Lamprey,  but 
still  comparatively  late  in  embryonic  life,  some  time  after  the 
medullary  canal  has  been  completely  closed,  and  several  of 
the  visceral  clefts  have  appeared.  According  to  Mr.  Balfour 
it  takes  place  at  a  stage  slightly  younger  than  K.  The  two 
layers  are  at  first  composed  of  flattened  cells,  but  those  of 
the  inner  stratum  soon  become  columnar.  ^^  Both  layers 
apparently  enter  into  the  formation  of  the  organs  of  sense** 

(4.)  In  Triton  the  epiblast,  though  at  first  single,  divides 
into  its  two  parts  at  a  very  early  stage,  some  time  before 
the  closing  of  the  medullary  canal  (Stage  c).  When  once 
formed  the  mucous  layer  becomes  the  active  one  and  enters 
almost  exclusively  into  the  formation  of  the  sense  organs. 
So  far  as  we  are  aware  this  is  the  only  case  as  yet  known  in 
which  there  is  a  primitively  single  epiblast  dividing  early 
and  delegating  all  its  activity  to  one  layer.  It  shows  an 
approximation  to  the  state  of  things  found'in  the  Frog. 

(5.)  In  the  Batrachia  this  is  carried  one  step  further  and 
the  two  layers  are  distinguishable  from  the  very  first,  even 
the  roof  of  the  segmentation  cavity  being  double.  The 
mucous  or  nervous  layer,  as  in  the  Newt,  enters  alone  into 
the  formation  of  the  organs  of  sense,  &c.  In  short,  almost 
the  only  difference  in  the  matter  of  epiblast  between  the  two 
classes  of  Amphibia  lies  in  the  time  of  its  division. 

Now,  we  are  very  far  from  asserting  that  these  forms 
we  have  been  considering  represent  the  line  of  descent  of  the 
Batrachia ;  but  we  are  decidedly  of  the  opinion  that  they 
exhibit  the  steps  of  the  process  by  which  the  epiblast  of 
that  group  has    reached    its    present    complication.    For 

tized  by  Google 


Digitiz 


BABLT  DBYBLOPMENT  OF  THE  COMMON  NEWT.  461 

this  reason  we  are  forced  to  the  conclusion  that  even  the 
early  condition  of  the  epihlast  in  the  Batrachia  is  a  secondary 
modification,  and  that  the  primitive  condition  of  the  layer  is 
single. 

As  opposed  to  this  conclusion  may  be  adduced  the  fact  that 
in  the  spinal  cord  of  the  Batrachia  the  two  layers  at  first 
fuse  together  and  at  a  later  time  reappear,  as  if  the  double- 
layered  condition  were  .  a  primary,  the  single-layered  a 
secondary,  and  the  reappearing  double  layer  a  tertiary  stage 
in  development.  And  further,  that  the  first  stage  has  been 
retained  only  in  the  Batrachia  and  (?)  Osseous  Fishes,  and  lost 
in  other  known  vertebrates.  But  this  appears  unlikely,  and 
standing  entirely  by  itself,  the  above-mentioned  fact  cannot 
be  considered  to  have  any  great  value. 

The  HypobUut. 

We  shall  now  continue  the  history  of  the  hypoblast  from 
Stage  A  onwards,  until  the  development  of  the  notochord. 
The  embryo  at  this  stage  (see  PL  XX,  fig.  4)  is  still  spherical. 
In  the  section  figured,  which  is  in  the  anterior  region  of  the 
embyro,  the  alimentary  canal  is  broad  and  low,  lined  above 
by  a  deep  single  layer  of  columnar  hypoblast  cells.  These 
are  broader  and  longer  than  the  epiblast  cells  above  them, 
with  nuclei  of  a  spherical  rather  than  oval  shape.  They  are 
in  contact  with  the  epiblast  broadly  across  the  middle  line,  but 
at  the  sides,  just  below  the  two  slight  folds  on  either  side  of 
the  medullary  groove,  the  mesoblast  begins  to  intervene  as  a 
single  layer  of  small  cells.  Beneath  these  the  hypoblast 
cells  lose  their  columnar  shape,  and  becoming  more  quadrate 
are  gradually  reflected  around  the  sides  of  the  alimentary 
canal,  becoming  continuous  on  the  one  hand  with  the  quad- 
rate yolk  cells  lining  the  alimentary  canal  below,  on  the 
other  with  the  cells  bounding  the  great  mass  of  yolk.  This 
continuity  has  been  carefully  represented  in  PI.  XX,  fig.  4. 
Where  the  invagination  cells  cease  would  be  difficult  to  state, 
owing  to  the  fact  that  the  bending  down  at  the  sides  is  a 
gradual  process  partly  dependent  upon  the  growth  of  the 
mesoblast. 

The  hypoblast  can  now  be  classed  according  to  its  develop- 
ment under  two  heads,  (a.)  The  cells  above  the  alimentary 
canal,  which  have  arisen  from  invagination  and  are  con- 
tinuous with  the  reflected  epiblast  at  the  blastopore.  This 
we  shall  call  the  invagination  hypoblast,  (i.)  Those  cells 
lining  the  alimentary  canal  below  and  those  immediately 
bounding  the  yolk  elsewhere,  which  arise  by  histological 
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changes  in  the  yolk  cells  proper.  We  shall  refer  to  this  as 
the  yolk  hypoblast. 

The  growth  of  the  former  class  has  been  already  con- 
sidered in  full.  The  latter  arises  by  a  slow  process  of  meta- 
morphosis in  the  peripheral  yolk  cells.  The  changes  are 
not  difScult  to  follow.  The  square  yolk  cells  split  as  they 
approach  the  surface  into  long  columnar  or  oblong  cells,  and 
at  the  same  time  a  change  takes  place  in  the  yolk  spherules 
with  which  they  are  loaded,  so  that  they  show  a  greater 
avidity  for  the  staining  fluid.  The  large  spherical  nuclei  of 
the  yolk  cells  give  place  to  the  characteristic  oval  nuclei  of 
the  hypoblast.  These  primitive  hypoblast  cells  assume  more 
regular  proportions  as  development  proceeds.  In  the  split- 
ting off  of  tne  mesoblast  which  soon  follows,  fresh  cells  are 
constantly  supplied  from  the  yolk. 

A  further  notice  of  Calberla's^  views  upon  these  points  will 
perhaps  not  be  out  of  place  here.     He  considered  the  Lam- 

[»rey  embryo  immediately  after  invagination  to  consist  of  two 
ayers,  the  primary  entoderm  and  the  ectoderm.  The  former 
divides  everywhere,  except  across  the  axial  line,  into  the 
secondary  entoderm  and  the  mesoderm.  Across  the  axial  line 
the  primary  entoderm  remains  intact.  He  does  not  admit  that 
the  mesoderm  arises  even  in  part  by  invagination ;  but,  still 
more  important  as  it  bears  on  the  question  under  discussion, 
he  does  not  include  the  outer  yolk  cells  as  part  of  the  pri- 
mary entoderm.  So  what  we  shall  consider  hereafter  as  the 
lateral  mesoblast,  he  concluded,  was  joint  mesoblast  and 
hypoblast,  not  allowing  that  the  outer  yolk  cells  formed  a 
distinct  layer.  The  comparison  has  been  inserted  because  at 
this  period  of  its  history  the  Lamprey  presents  many  points 
in  common  with  the  Newt. 

.  To  resume  the  study  of  the  hypoblast  in  Triton,  it  may 
be  considered  in  the  latter  part  of  Stage  c  as  forming  a  con- 
tinuous layer  around  the  yolk  and  completely  enclosing  the 
alimentary  canal.  By  Stage  b  a  very  decided  change  has 
taken  place  (see  PL  XX,  fig.  5).  The  section  is  in  the  head 
region  where  the  alimentary  tract  has  now  reached  a  con- 
siderable size.  The  hypoblast  is  now  only  in  contact  with 
the  epiblast  in  the  median  line,  although  the  connection  is 
such  a  close  one  that  the  three  or  four  cells,  still  adhering,  im- 
pinge so  closely  as  to  form  a  decided  indentation  in  the 
epiblast — a  feature  which  has  been  previously  noticed  in  the 
Elasmobranch  Fishes.  The  middle  cells  have  also  elongated 
and  narrowed  considerably,  while  those  at  the  sides  remain 
shorter ;  this  results  in  a  rounded  upper  outline.  Laterally, 
^  Vide E.  Calberla,  loc.  cit.,  on  ' Fetromyzon planeri* 
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they  are  still  markedly  continuous  with  the  yolk  hypoblast 
cells  lining  the  alimentary  canal  and  their  lower  margin 
arches  upwards  so  as  to  form  part  of  the  lumen  of  the 
canal.  This  bending  around  of  the  hypoblast,  which  in 
Stage  A  was  almost  a  straight  line,  into  an  arch  of  cells, 
must  be  partly  attributed  to  a  mechanical  cause,  viz.  the 
rapid  ingrowth  of  the  mesoblast  plates.  Whatever  the  exact 
cause  of  this  change  it  is  well  to  note  that  no  vital  altera- 
tion has  as  yet  taken  place — the  change  is  one  merely  of 
position.     Elsewhere  the  hypoblast  shows  no  new  features. 

Inasmuch  as  the  interest  in  the  hypoblast  chiefly  centres 
around  the  development  of  the  notochord  we  shall  con* 
sider  the  history  of  that  organ  by  itself  and  complete  the 
hypoblast  later. 

The  Mesohlasi. 

It  is  evident  from  transverse  sections  in  the  latter  part  of 
Stage  A  (see  PL  XX,  fig.  4)  that  the  lateral  plates  of  meso- 
blast have  already  attained  a  considerable  thickness.  At  the 
junction  of  the  invagination  with  the  yolk  hypoblast  they 
are  three  or  four  cells  deep,  thinning  out  rapidly  at  the  sides. 
In  the  anterior  sections  they  barely  extend  Ijelow  the  middle, 
while  behind  they  meet  as  a  single  layer  of  cells  at  the 
bottom,  thus  encircling  the  hypoblast  except  in  the  axial 
line  above. 

The  lateral  downward  growth  of  the  mesoblast  in  Triton  is 
plainly  not  from  the  epiblast,  for  the  epiblast  has  by  this  time 
formed  a  distinctly  bounded  single  layer.  There  remain  two 
modes  in  which  it  may  in  great  part  arise,  (a)  from  the 
hypoblast;  (J)  independently  of  the  hypoblast, from  the  yolk. 
This  is  of  course  excluding  the  mesoblast  in  the  region  of  the 
alimentary  canal  which  accompanies  the  process  of  invagina- 
tion. If  we  consider,  as  we  have  reason  to  do  from  the  analogy 
of  the  Frog,  that  the  cells  bounding  the  yolk  form  the  primi- 
tive yolk  hypoblast  layer,  we  can  only  accept  the  former  hypo- 
thesis. In  the  anterior  section  of  Stage  a  the  cells  bound- 
ing the  yolk  below  are  as  unquestionably  hypoblastic  as  those 
bounding  it  above  and  at  the  sides.  In  other  words,  the 
hypoblast  has  formed  as  a  distinct  layer  in  contact  with  the 
epiblast  below,  before  the  mesoblast  has  appeared  below  at 
ail.  Moreover,  at  the  sides,  the  down  growth  of  the  meso- 
blast is  preceded  plainly  by  a  splitting  off  of  the  outer  portion 
of  the  yolk  hypoblast  into  large  quadrate  cells,  and  these  in 
turn  are  seen  in  the  process  of  subdivision.  Although  this 
growth  seems  to  be  at  the  expense  of  the  hypoblast,  it  cannot 
be  considered  lo  arise  altogether  independently  of  the  down- 
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growth  of  the  invagination  plates  by  a  process  of  cell  diyision, 
for  the  mesoblast  does  not  arise  at  separate  points^  capping 
the  hypoblast^  but  in  direct  continuity  with  the  invagination 
mesoblast. 

In  the  Elasmobranch  Fishes^  in  which  the  origin  of  the 
mesoblast  has  been  carefully  observed^  there  is  no  doubt 
that  this  layer  arises  as  two  lateral  masses,  splitting  off 
from  the  hypoblast  at  the  same  time  that  the  latter  arises  as 
a  distinct  stratum  from  the  lower  layer  <jells.  Here,  however, 
the  lateral  plates  do  not  form  a  continuous  layer  with  the 
mesoblast  which  occasionally  arises  at  the  reflection  of  the 
epiblast  at  the  sides,  but  are  distinct  from  it. 

Calberla,^  as  previously  stated,  explains  the  growth  of  the 
mesoderm  (mesoblast)  in  the  Lamprey,  as  an  early  splitting 
of  the  outer  portion  of  the  primary  endoterm.  This  view 
fully  confirms  our  interpretation  of  the  lateral  growth  in 
Triton. 

In  Kowalevsky's  earlier  researches  upon  Amphioxus  he 
fell  into  the  error  of  supposing  the  mesoblast  of  double 
origin,  hypoblastic  and  epiblastic,  an  error  which  he  cor- 
rected later^  by  attributing  this  layer  to  a  constriction  off 
from  the  Jbypoblast,  which  occurs  subsequent  to  the  forma- 
tion of  the  notochord.  The  simple  invagination  does  not 
give  rise  to  any  but  the  two  primitive  layers.  There  can 
now  be  no  doubt  that  the  formation  of  the  mesoblast  is  in 
all  types  a  secondary  phenomenon  which  is  retarded  in  the 
simpler  forms,  and  hastened  in  the  more  complex  into  an 
earlier  period  of  development. 

To  review  the  features  noticed  in  Stage  a.  The  meso- 
blast arises  by  invagination  as  two  lateral  plates,  and  is 
never  found  across  the  median  line.  Subsequent  growth  is 
partly  by  cell  division  of  these  plates ;  mostly,  however,  at 
the  expense  of  the  hypoblast.  The  most  rapid  development 
is  posteriorly,  both  in  respect  to  thickness  and  downward 
growth.  There  is  no  tendency  to  split  into  somatic  and 
splanchnic  layers.  By  Stage  b  the  mesoblast  shows  a  very 
marked  progress.  It  is  now  thickest  immediately  below  the 
medullary  plates,  and  causes  that  upward  curve  in  the  out- 
line of  the  epiblast  previously  mentioned  (Plate  XX,  fig.  5). 
At  the  same  time  the  lateral  plates  have  approached  each 
other,  bending  the  hypoblast  downwards,  so  that  now  it  is 
continuous  with  the  epiblast  only  in  the  median  line.  The 
section  figured  is  in  the  anterior  part  of  the  embryo  near  the 
head  region.     The  cells  appear  larger  than  in  the  last  stage, 

^  E.  Calberla,  loc.  cit. 

^  Fide  A.  Kowaleyskj,  'Archiv.  fur  Micro9.  Anatomie.'  Band  13,  p.  191. 
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near  the  axial  line  they  are  crowded  together  irregularly, 
but  at  either  side  the  splitting  into  two  single-celled  layers 
begins  to  be  evident.  This  splitting  begins  anteriorly  and 
proceeds  slowly  backwards.  In  the  posterior  sections  of  the 
same  embryo  it  is  barely  evident,  although  the  cells  show  a 
tendency  to  arrange  themselves  in  two  rows.  Plate  XX,  fig.  6, 
represents  a  section  from  the  trunk  region  during  Stage  c, 
and  shows  that  the  splitting  of  the  mesoblast  extends  slowly 
backwards.  In  this  region  the  layer  is  now  thinner  than  it 
is  forwards,  although  the  reverse  of  this  is  true  of  Stage  a, 
where  the  mesoblast  is  thickest  posteriorly.  The  proximal 
cells  now  b6gin  to  arrange  themselves  radially  around  the 
vertebral  portion  of  the  future  body  cavity,  closely  im- 
pinging against  the  epiblast,  and  tending  to  grow  in  above 
the  primitive  notochord.  The  body  cavity  does  not  extend 
beyond  the  medullary  folds  in  this  embryo,  for  here  the  two 
rows  of  cells  suddenly  terminate  in  a  single  row  bending 
around  the  sides.  In  other  respects  the  mesoblast  shows  no 
new  features  until  Stage  d.  Sections  of  an  embryo,  during 
the  latter  part  of  Stage  d,  show  that  the  neural  canal  has 
completely  closed.  The  section  figured  in  Plate  XX,  fig.  7, 
is  in  the  anterior  trunk  region,  here  the  mesoblast  appears 
as  two  great  triangular  muscle  plates,  expanding  above  so 
as  to  fill  the  space  formed  by  tne  fusion  of  the  medullary 
canal,  and  enclosing  the  large  body  cavity.  The  two  layers 
now  extend  completely  around  the  embryo,  but  have  not 
separated  except  in  the  upper  region.  In  Stage  f  the  divi- 
sion into  somites  has  begun. 

To  conclude,  there  is  one  feature  in  the  development  of 
the  mesoblast,  which  argues  strongly  for  the  fact  that,  meso- 
blastic  invagination  being  begun,  lateral  growth  sets  in  at 
once ;  that  is,  the  cells  formed  by  invagination  are  immedi- 
ately supplemented  by  those  growing  down  at  the  sides,  of 
hypoblastic  (yolk  cell)  origin.  As  evidence  of  this  we  find 
the  mesoblast  of  the  posterior  sections  meeting  in  the  median 
line  below,  before  it  even  reaches  the  ventral  region  anteriorly. 
In  this  single  respect,  the  mesoblast  develops  more  rapidly 
behind  than  in  front.  Subsequent  to  the  formation  of  the 
alimentary  canal,  the  greater  energy  of  the  embryo  is 
directed  to  the  head  region,  and  all  following  growth  is 
from  before  backwards.  This  is  true  of  the  thickening 
of  the  lateral  plates,  of  the  splitting  into  two  layers,of  the 
formation  of  the  body  cavity,  and  of  the  subsequent  division 
into  somites. 
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Hie  Notochord. 

In  our  description  of  the  hypoblast,  we  considered  the 
layer  as  classed  under  two  heads,  the  invagination  hypoblast, 
and  the  yolk  hypoblast;  it  is  with  the  former  that  the 
development  of  the  notochord  is  concerned.  The  cells  lying 
during  Stage  b  between  the  mesoblast  plates  may  be  con- 
sidered the  primitive  notochordal  cells. 

The  first  indication  of  the  growth  of  the  notochord  in 
Triton  (see  Plate  XX,  fig.  5),  is  the  tendency  of  the  cells 
to  take  a  radiated  arrangement.  We  may  now  at  the  out- 
set, point  out  three  prominent  features.  •  First,  the  hjpo- 
blast  consists  of  a  single  layer  of  columnar  cells  running 
from  the  epiblast  above  to  the  alimentary  canal  below. 
Second,  these  cells  may  be  identified  with  the  broad  band  of 
invagination  cells  which  in  Stage  a  were  all  in  contact  with 
the  epiblast.  They  have  been  bent  down  by  the  ingrowth 
of  the  mesoblast  above.  Third,  these  cells  are  directly  con- 
tinuous at  the  sides  with  the  yolk  hypoblast. 

In  the  Lamprey,^  Petromyzon  planeri,  the  relations  of 
the  hvpoblast  at  this  point  to  the  epiblast  and  mesoblast  are 
practically  the  same.  There  is  the  same  close  and  broad 
contact  with  the  epiblast,  and  the  cells  are  of  the  same 
relative  size.  Here,  as  in  Triton,  the  primary  or  invagina- 
tion cells  are  alone  concerned  in  the  origin  of  the  notochord. 

In  the  Frog  {Rana  temporaridf  the  primitive  condition  of 
the  notochord  is  a  great  cubical  mass  of  small  cells,  con- 
fluent with  the  epiblast  above,  and  with  the  mesoblast  at 
the  sides.  These  do  not  all  enter  into  the  formation  of  the 
notochord,  however,  for  at  the  time  this  organ  begins  to  be 
constricted  off,  the  lower  cells  form  a  hypoblastic  lining  to 
the  alimentary  canal.  Gotte's  account  of  the  first  appear- 
ance of  the  notochord  in  the  Frog  [Bomhinator  ignetis) 
differs  widely,  owing  to  the  fact  that  he  has  mistaken  the 
upper  hypoblast  cells  for  the  mesoblast. 

In  the  Elasmobranch  Fishes^  the  arrangement  is  analo- 
gous, for  the  whole  layer  with  the  exception  of  a  thin  line  of 
cells  over  the  alimentary  canal,  enters  into  the  notochord. 
The  cells  are  at  no  time  so  widely  in  contact  with  the 
epiblast  as  in  Triton ;  so  the  change  preceding  the  formation 
of  the  notochord  consists,  first,  in  the  lengthening,  and  then 
splitting  of  the  cells  into  two  lines  placed  end  to  end.  The 
lower  line  thus  formed  is,  however,  mostly  absorbed  in  the 

'  Vide  E.  Calberla,  loc.  cit. 

'  Vide  E.  Calberla,  loc.  cit.,  p.  260. 

«  Vide  Balfour,  loc.  cit.,  p.  93, 
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formation  of  the  organ,  and  is  not,  as  in  Rana  temporaria, 
wholly  expended  in  forming  the  upper  layer  of  the  alimen- 
tary canal.  To  return  to  Triton,  it  is  well  to  notice  here 
that  the  upper  boundary  of  the  alimentary  canal  is  formed 
by  the  cells  which  will  give  rise  to  the  notochord,  and  that 
the  latter  at  this  period  actually  contains  part  of  the  lumen 
of  the  canal. 

Following  the  notochord  into  the  succeeding  stage,  we 
find  no  marked  changes  (PI.  XX,  fig.  6).  The  section  taken 
from  the  middle  region  of  the  embryo  presents  much  the 
same  appearance.  From  this  we  infer  that  in  common  with 
the  other  organs,  the  notochord  develops  more  rapidly  for- 
wards, and  that  the  backward  development  is  a  slow  one, 
for  in  Stage  c  the  notochord  is  but  little  more  advanced  in 
the  middle  region  of  the  embryo  than  it  is  in  the  anterior 
region  in  the  preceding  stage.  The  primitive  features 
pointed  out  above  remain  constant. 

Unfortunately  there  is  a  gap  in  our  sections  here,  at  least 
we  have  none  by  which  we  can  trace  the  histological  changes 
from  the  simple  fold  of  hypoblast  cells  in  Stage  c,  to  the 
firm  rod  of  radiating '  cells  in  the  latter  part  of  Stage  D. 
There  is  no  evidence  of  their  splitting  into  two  cells  deep 
previous  to  this  result  as  in  the  Lamprey  and  the  Elasmo- 
branchs.  The  exact  process  beyond  the  ascertaining  of  this 
point  is  of  little  real  importance. 

In  Stage  d  (PI.  XX,  fig.  7)  the  relations  of  this  organ  are 
not  much  altered,  it  still  impinges  against  the  epiblast 
above,  and  partly  bounds  the  alimentary  canal  below,  but 
the  continuity  witli  the  hypoblast  has  been  broken  oflF,  and 
the  line  of  demarcation  is  plainly  marked  by  the  diflFerent 
character  of  the  cells.  The  notochordal  cells  are  subqiiadrate 
in  shape,  about  twelve  in  number  in  a  transverse  section, 
and  are  arranged  around  a  centre  of  their  own.  In  other 
words,  the  notochord  is  now  an  independent  body;  at  its 
sides  below  are  the  long  narrow  hypoblast  cells  which  par- 
tially enclose  it,  and  above  are  the  mesoblast  plates  fully 
formed,  which,  however,  show  no  tendency  to  sur- 
round it. 

The  notochord  is  now  larger  than  at  any  subsequent  stage. 
In  its  formed  or  permanent  condition,  it  persists  as  a  close 
granular  mass  in  which  we  can  sometimes  detect  cell  divi- 
sion, sometimes  not.  (See  P).  XXI,  fig.  8;  figs.  12 
and  13.)  In  Stage  e  an  ingrowth  of  hypoblast  below,  cuts 
ofif  its  connection  with  the  alimentary  canal.  In  a  much 
later  period.  Stage  m,  it  has  a  vacuolated  appearance ;  a 
branching  network  of  connective  tissue  supporting  promi- 
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nent  nuclei,    an  appearance    which    has    been   noticed  in 
many  other  forms  (PI.  XX,  fig.  15). 

This  completes  the  interesting  history  of  the  development 
of  the  notochord.  To  summarise  :  The  invagination  hypo- 
blast cells  are  first  continuous  as  a  single  layer,  wholly 
across  the  median  line ;  those  farthest  from  the  three  central 
cells  are  gradually  pushed  down  by  the  ingrowth  of  the 
mesoblast.  There  is  no  tendency  to  split  below.  They  are 
further  reflected  around  until  the  lateral  cells  meet,  and  the 
continuity  with  the  hypoblast  is  broken.  It  still  impinges 
against  the  epiblast  above,  and  forms  the  upper  boundary  of 
the  alimentary  canal  below. 

A  comparison  has  already  been  instituted  between  the 
development  of  the  notochord  in  Triton  and  its  development 
in  the  Frog,  the  Lamprey,  and  the  Elasmobranch  Fishes. 
In  important  details  the  processes  are  very  similar.  To 
carry  the  comparison  a  step  further,  in  Amphioxus  the  noto- 
chord is  differentiated  from  the  hypoblast  before  the  meso- 
blast has  become  constricted  off,  and  at  the  time  that  the 
medullary  plate  is  closing  in  above. 

Hensen  has  demonstrated,  beyond  doubt,  that  the  noto- 
chord is  of  hypoblastic  origin  in  the  Guinea-pig;  and  that  it 
probably  arises  in  the  same  way  in  the  Rabbit.  Quite 
recently,^  Mr.  Balfour  has  shown  that  it  has  a  similar  deriva- 
tion in  the  Lizard,  Lacerta  muralts. 

In  several  respects  the  notochord  arises  in  a  simpler 
manner  in  Triton  than  in  any  of  those  forms  in  which  the 
process  has  been  clearly  followed  out.  In  that :  first,  the 
cells  do  not  reduplicate  vertically,  as  in  the  Elasmobranchs 
and  the  Lamprey,  previous  to  the  formation  of  the  organ ; 
second,  when  the  organ  is  completely  formed,  it  still  bounds 
the  alimentary  canal  below,  as  in  neither  of  the  other  forms 
nor  in  the  Frog ;  third,  no  portion  splits  off  subsequently  to 
form  the  hypoblast  layer  bounding  the  canal  above,  this 
layer  appears  from  the  sides. 

It  is  difficult  to  judge  from  Kowalevsky's  description, 
whether  the  whole  depth  of  the  layer  bounding  the  canal 
above  is  absorbed  by  the  notochord,  or  whether  the  lower  por- 
tion remains  as  an  upper  lining  of  the  canal,  and  the  upper 
portion  alone  enters  into  the  notochord.  If  the  latter  is  the 
case,  the  Newt  presents  the  simplest  notochord al  develop- 
ment known. 

The  evidence  from  all  these  forms  points  so  strongly  in 
one  direction,  as  to  amount  almost  to  proof,  that  the  study 

»  Vide  Kowalevskj,  loc.  cit. 

2  Vide  F.  M.  Balfour,  this  Journal,  Vol.  XIX,  p.  3,  New  Series. 
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of  the  more  important  types  which  have  not  as  yet  been 
observed,  and  the  clearing  up  of  the  doubts  which  still 
envelop  other  types,  will  fix  the  derivation  of  the  notochord 
from  the  hypoblast  as  a  law,  rather  than  as  a  feature  posi- 
tive in  some  cases,  and  with  an  exceptional  origin  from  the 
mesoblast  in  others. 

The  Hypoblast, 

In  Stage  c  the  notochordal  cells  are  continuous  at  the 
sides,  with  the  layer  of  hypoblast  lining  the  yolk  (see  PJ. 
XX,  fig.  6).  In  Stage  d  this  continuity  is  completely 
broken,  the  layer  appears  as  a  long  narrow  row  of  cells, 
flattened  against  the  sides  of  the  notochord,  but  not  enclos- 
ing it  below.  Elsewhere  this  layer  shows  no  new  features. 
In  Stage  e,  however  (see  PI.  XXI,  fig.  8),  the  cells  have 
grown  down  and  meet  below,  completely  surrounding  the 
alimentary  canal  and  shutting  it  off  from  the  notochord.  This 
process  is  interesting,  as  it  shows  that,  while  the  original 
upper  lining  is  mainly  absorbed  by  the  notochord,  the  per- 
manent upper  lining  is  formed  from  the  yolk  hypoblast  cells, 
and  that  now  almost  the  entire  layer  is  formed  of  this 
secondary  hypoblast,  the  bulk  of  the  primary  or  invagina- 
tion hypoblast  having  gone  to  the  notochord.  The  hypo- 
blast grows  under  the  notochord,  in  much  the  same  way  in 
the  Lamprey,  but  at  a  somewhat  earlier  stage.  In  most  of 
the  other  forms  there  remains  throughout,  a  thin  layer  of 
cells  intervening  between  the  notochord  and  the  yolk. 

Body  Cavity  and  Somites  of  the  Head. 

As  already  mentioned,  the  growth  of  the  mesoblast  is 
from  behind  forward,  and  in  Stage  a  (PI.  XX,  fig.  4)  we  see 
that  in  the  head  region  the  mesoblastic  plates  do  not  meet 
ventrally.  They  gradually  thin  out  forwards  and  end  near 
the  blind  termination  of  the  alimentary  canal.  At  this 
period  the  mesoblast  is  quite  thick,  and  is  composed  of  nu- 
merous cells  of  spherical  shape,  but  exhibits  no  tendency  to 
become  divided  into  somatic  and  splanchnic  layers.  In 
Stage  B,  however,  the  cells  have  arranged  themselves  into 
two  layers,  and  quite  a  cavity  has  appeared  between  them 
(PI.  XX,  fig,  5).  As  yet  this  change  is  confined  to  the  head, 
and  so  there  is  a  cavity  in  the  head  on  each  side  of  the  mid- 
dle line,  contained  between  the  somatic  and  splanchnic 
layers  of  the  mesoblast.  These  cavities,  therefore,  are  parts 
of  the  pleuro-peritoneal  cavity,  and  when  that  is  formed  in 
the  body,  will  be  directly  continuous  with  them.     As  in  the 
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Elasmobranch  Fishes,^  the  cavity  in  the  head  is  formed  at 
^  period  considerably  before  that  at  which  it  appears  in  the 
body.  These  two  head  cavities  have  no  communication 
with  each  other^  as  the  mesoblast  in  the  head  is  in  two 
separate  masses.  A  longitudinal  horizontal  section  (PL  XXI, 
fig.  10)  through  an  embryo  slightly  older  than  f  shows  this 
cavity  (pp*)  as  an  undivided  slit  bounded  by  columnar 
mesoblast  cells.  But  when  the  first  visceral  cleft  appears  as 
an  outgrowth  from  the  hypoblast  of  the  throat  to  join  the 
external  skin^  this  cavity  is  necessarily  separated  into  two 
portions,  one  behind  and  one  in  front  of  the  cleft.  This 
cleft  in  the  latest  stages  we  have  been  able  to  observe  never 
pierces  the  skin,  but  it  lies  close  to  it  and  so  divides  the  me- 
soblast. The  second  cleft  divides  the  cavity  into  three  sec- 
tions^ and  each  succeeding  one  adds  a  fresh  segment  to  the 
number.  Of  course  this  number  is  not  so  great  as  it  is  in 
the  Elasmobranch  Fishes. 

The  section  in  front  of  the  first  cleft  presents  some  features 
which  demand  attention.  It  grows  forward  and  becomes 
divided  spontaneously  into  two  portions,  one  of  which  lies 
close  to  the  optic  vesicle  (PI.  XXI,  fig.  11),  and  entirely  in 
front  of  the  mouth,  while  the  second  {2  pp.)  is  enclosed  alto- 
gether in  the  mandibular  arch.  The  first  aortic  arch  (loa) 
runs  between  these  two  sections  and  somewhat  dorsal  to 
them.  We  have  not  been  able  to  make  any  satisfactory 
observations  upon  their  relation  to  the  branches  of  the 
fifth  nerve,  but  from  their  position  it  seems  in  every  way 
probable  that  they  have  much  the  same  relations  as  those  de- 
scribed by  Mr.  Balfour  in  the  Elasmobranch  Fishes.  The 
first  division  shows  a  small  lumen  surrounded  by  a  layer  of 
sl\ort  columnar  cells;  in  longitudinal  vertical  sections  (PI. 
XXI,  fig.  11, 1  pp»),  it  has  a  somewhat  oval  shape ;  in  trans- 
verse sections  (fig.  13,  pp.)  it  has  a  transversally  elongated 
shape,  and  the  cavity  in  these  sections  is  seen  to  be  largest 
toward  the  middle  line.  During  no  period  as  late  as  Stage  l 
could  we  find  any  trace  of  a  ventral  union  between  the  ante- 
rior segments  of  each  side,  such  as  occurs  in  the  Elasmo- 
branchs.  It  may,  however,  occur  later,  as  during  Stage  l 
they  approach  very  closely.  The  second  segment  (PI.  XXI, 
fig.  11,  2  pp.)  is  considerably  smaller  than  the  first,  and  has 
a  very  small  lumen.  Its  cavity  also  is  lined  with  columnar 
cells,  and  forms  a  narrow  slit  running  parallel  to  the  first 
visceral  cleft.  The  mandibular  aortic  arch  lies  just  anterior 
to  it  instead  of  close  to  its  inner  side  as  in  the  Elasmobranchs. 

The  other  segments  of  the  head  cavity  lie  in  the  visceral 
»  Balfour,  loc.  cit.,  p.  86. 
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arches,  and  show  narrow  cavities  lined  by  columnar  epithe* 
Hum  (PL  XXI,  fig.  12,  3  pp).  They  present  no  features  of 
especial  importance.  We  have  not  followed  out  the  subse- 
quent development  of  these  segments,  but  in  all  probability 
their  cells  become  transformed  into  muscle  cells. 

In  the  foregoing  description  there  will  be  observed  a  very 
close  similarity  to  what  has  been  described  for  the  Elasmo- 
branchis ;  in  fact,  with  some  minor  exceptions,  and  the  one 
important  one  of  the  non-communication  of  the  first  pair  of 
segments,  Mr.  Balfour's  descriptions  will  apply  equally  well 
to  our  specimens.  This  is  of  the  more  interest,  -for 
Triton  in  this  respect  is  very  much  more  like  the  Elasmo* 
branchs  than  it  is  like  the  Batrachians;  a  fact  which  is 
somewhat  remarkable.  In  the  Batrachians  so  carefully  in- 
vestigated by  Dr.  Gotte,^  there  appears  to  be  no  head  cavity 
formed  at  any  period.  On  the  other  hand,  two  series  of 
segments,  an  inner  and  an  outer  series,  become  formed,  and 
are  believed  by  Dr.  Gotte  to  correspond  respectively  to  the 
vertebral  and  lateral  plates  of  mesoblast  which  are  developed 
in  the  trunk.  The  internal  segments  resemble  the  proto- 
vertebrae  in  shape,  but  are  smaller;  their  walls  develop  into 
muscular  fibres  and  represent  the  anterior  continuation  of 
the  dorsal  muscles.  The  external  segments  are  contained  in 
the  visceral  arches.  In  the  anterior  division  of  the  head 
(Gotte's  Vorderkopf)  there  is  only  one  pair  of  segments,  as 
the  division  of  the  segment  in  front  of  the  first  visceral  cleft 
does  not  seem  to  occur ;  the  part  contained  in  the  mandibular 
arch  is  derived  from  the  growth  of  the  posterolateral  seg- 
ments. The  most  anterior  segment  of  all  gives  rise,  as  in 
the  Elasmobranchs,  to  the  muscles  of  the  eye. 

It  is  remarkable  how  very  diflferent  all  this  is  from  the 
process  observable  in  Triton.  There  are  found  in  the  pos- 
terior part  of  the  head  four  segments  which  give  rise  to 
muscular  fibres,  as  in  Bombinator,  and  continue  the  dorsal 
muscle  forwards.  These  may  be  equivalent  to  the  four  in- 
ternal segments  of  the  head  of  Bombinator,  but  they  have  no 
ventral  continuations.  They  are  more  to  be  compared  with 
segments  in  the  posterior  part  of  the  head  of  the  Elasmobranchs. 
With  regard  to  the  latter,  Mr.  Balfour  says,  (p.  209),  ''AH 
my  efforts  have  hitherto  failed  to  demonstrate  any  segmen- 
tation in  the  mesoblast  of  the  head  other  than  that  indi- 
cated by  the  sections  of  the  body-cavity  before  mentioned, 
but  since  these  must  be  regarded  as  equivalent  to  muscle 
plates  any  further  segmentation  of  mesoblast  could  not  be 
anticipated;  to  this  statement  the  posterior  part  of  the 
^  Unke,  pp.  203.208,  216-229. 
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bead  forms  an  apparent  exception.  Not  far  behind  tbe 
auditory  involution,  there  are  visible  at  the  end  of  Period  K 
a  few  longitudinal  muscles,  forming  about  three  or  four  mus- 
cle plates,  the  ventral  part  of  which  is  wanting.  I  have  not 
the  means  of  deciding  whether  they  properly  belong  to  the 
head  or  may  not  be  a  part  of  the  trunk  system  of  muscles 
which  has  to  a  certain  extent  overlapped  the  back  of  the 
head,  but  am  inclined  to  accept  the  latter  view.^'  The 
appearances  here  described  are  very  much  like  those  to  be 
seen  in  Triton,  and  we  are  not  in  a  position  to  pronounce 
any  more  decided  judgment  upon  them,  than  upon  those  of 
the  Elasmobranchs ;  but  taking  into  consideration  Gotte's 
figures  we  are  rather  inclined  to  consider  them  the  axial 
segments  of  which  the  plate  containing  the  head  cavity  is 
the  lateral  part.  The  chief  differences  between  the  two 
types  of  Amphibians  lie  in  the  cavities  themselves,  and 
the  number  of  segments  in  the  anterior  part  of  the 
head. 

Oar  researches  do  not,  we  regret  to  say,  throw  much 
new  light  upon  that  difficult  morphological  problem,  the 
segmentation  of  the  head.  It  is  interesting  to  find  that 
as  in  the  Elasmobranchs  there  is  one  prse-oral  segment,  as 
might  be  expected  to  be  the  case  if  the  head  cavities  afford 
any  trustworthy  guide  to  the  number  of  head  segments.  Of 
course  the  number  of  postoral  cavities  is  less  than  in  the 
Elasmobranchs  owing  to  the  fewer  gill  clefts,  but  this  is  a 
feature  which  does  not  affect  the  question  at  issue. 

Of  whatever  value  these  facts  in  the  development  of  the 
Newt  are  considered,  we  think  that  they  favour  the  views 
expressed  by  Mr.  Balfour  in  p.  216  of  his  book.  For  these 
head  cavities,  it  of  morphological  importance,  might  be 
anticipated  to  be  fairly  constant  in  character. 

The  Thyroid  Body. 

PI.  XXI,  fig.  12,  represents  the  earliest  condition  of  the  thy- 
roid  body  which  has  fallen  under  our  observation.  In  it  we 
see  that  in  the  region  of  the  mandibular  arch  there  is  a 
solid  outgrowth  of  cells  from  the  ventral  wall  of  the  alimen- 
tary cavity  which  has  reached  the  inner  layer  of  the  epiblast.  ' 
The  latter  has  at  the  point  of  contact  risen  up  slightly  from 
the  external  layer  leaving  a  small  triangular  space  between 
them.  In  the  next  stage  (fig.  13),  the  inner  layer  of  epi- 
blast has  coalesced  with  the  hypoblastic  outgrowth  and  is 
discontinuous  across  the  middle  line.  It  is  now  difiicult  to 
determine  where  one  layer  begins  and  the  other  ends,  sq 
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complete  is  their  fusion.  The  external  layer  is  never  inter- 
rupted. Fig.  14  presents  a  rounded  thickening  of  the  fused 
mass^  which  is  the  next  step  in  development. 

The  latest  stage  we  have  (somewhat  later  than  m)  shows 
the  gland  separated  from  the  epiblast  (PL  XXI,  fig.  15)  which 
is  now  continuous  across  the  middle  line,  but  still  connected 
with  the  ventral  wall  of  the  oesophagus  by  a  cord  of  cells. 
The  thyroid  is  now  a  solid  cylindrical  rod  of  considerable 
length,  ending  posteriorly  near  the  ventral  aorta ;  the  section 
shows  an  aortic  arch  (1  aa)  cut  through  longitudinally.  The 
gland  consists  of  an  outer  or  cortical  layer  of  columnar  cells 
arranged  radially,  and  an  inner  small  kernel  of  rounded 
cells.  As  yet  there  is  no  trace  of  a  lumen,  or  'any  division 
into  lobules,.  Further  than  this  we  have  not  been  able  to 
follow  its  development,  but  have  no  reason  to  suppose  that 
it  presents  any  great  peculiarities. 

On  the  whole  the  thyroid  body  of  "the  Newt  corresponds 
quite  closely  in  position  and  mode  of  development  to  the 
same  body  in  the  Elasmobranch  Fishes ;  but  there  are  some 
points  of  diflFerence  to  which  we  should  like  to  call  par- 
ticular attention.  (1.)  In  the  latter  the  diverticulum  of  the 
hypoblast  is  hollow  in  front  and  solid  behind  at  first,  and 
only  subsequently  becomes  solid  throughout,  while  in  Triton 
we  have  not  been  able  to  discover  any  stage  which  shows  a 
hollow  outgrowth.  The  solidity,  however,  does  not  occur 
from  any  confused  mass  of  cells,  but  from  the  fact  that  the 
two  sides  of  the  diverticulum  are  pressed  closely  together 
(PI.  XXI,  figs.  12  and  IS).  Of  course  it  is  very  possible  that 
we  have  missed  a  stage  in  which  the  outgrowth  was  hollow  ; 
but  if  that  is  the  case  that  condition  must  be  a  very  tran- 
sitory one.  The  diflFerence  is  only  one  of  detail  in  any  case. 
(2.)  Of  much  more  importance  is  the  fact  that  in  the  Elas- 
mobranchs  there  is  never  found  any  indication  of  continuity 
between  the  hypoblast  and  epiblast,  which  at  this  period  is 
still  single  layered.  But  the  diverticulum  is  pressed  very 
closely  against  the  epiblast,  presenting  just  the  appearance 
of  the  first  visceral  cleft  which  does  not  perforate  the  skin.^ 
(We  do  not  wish  to  intimate  by  this  comparison  an  opinion 
that  the  thyroid  is  a  modified  visceral  cleft,  because  all  diver- 
ticula from  the  throat  to  the  external  skin  must  look  more 
or  less  alike.) 

The  account  given  by  Dr.  Gotte*  of  the  development  of 
the  thyroid  in  Bonibinator  is  still  more  like  our  account 
than  is  that  given  by  Mr.  Balfour  of   the  Elasmobranchs. 

»  Balfour,  loc.  cit.,  Plate  XIV,  fig.  ba,  p.  223.5. 
?  Loc.  pit.,  p.  667. 
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In  Bombinator  the  thyroid  ''is  formed  from  a  pit  of  the 
hypoblast,  which  persists  as  the  remains  of  an  early  depres- 
sion of  the  hypoblast  behind  the  mandibular  arch,  produced 
by  a  fusion  of  the  epiblast  and  hypoblasf*  (Taf.  vii,  fig.  127- 
130,  and  Taf.  xiii,xv,  xvi,figs.  292  and  298.)  At  first  it  is 
connected  anteriorly  with  the  median  division  line  which 
bisects  that  arch ;  after  the  disappearance  of  this  the  rudi- 
ment of  the  thyroid  appears  as  a  funnel-shaped  diverticulum 
of  the  hypoblast  and  is  free  below.  The  fusion  between  the  two 
layers,  which  in  Triton  persists  for  a  considerable  period  and 
is  seen  throughout  the  length  of  the  gland,  here  is  confined 
to  the  anterior  end,  and  remains  only  a  short  time. 

W.  Miiller,  in  his  account  of  the  development  of  the  thy- 
roid body^  inliana  temporaria,  does  not  ^ve  any  figures  or 
descriptions  leading  us  to  suppose  that  he  has  observed  this 
continuity  of  the  layers. 

We  must  confess  that  we  ourselves  are  very  much  puzzled 
by  the  fusion  of  the  epiblast  and  hypoblast  at  this  point,  and 
are  unable  to  give  any  morphological  explanation  of  its 
meaning.  Is  it  not  just  possible  that  it  may  represent  some 
shifting  in  the  position  of  the  mouth  ?  but  if  so,  we  shall  be 
obliged  to  abandon,  for  this  form  at  least,  the  homology  of 
the  thyroid  body  with  the  endostyle  of  the  Ascidians.  We 
mention  it  with  the  hope  of  directing  the  attention  of  some 
morphologist,  who  will  clear  the  matter  up,  to  this  curious 
and  unexplained  feature. 

It  may  be  of  use  to  give  a  brief  summary  of  the  points 
which  we  have  endeavoured  to  establish  in  this  paper,  before 
passing  on  to  consider  to  what  general  conclusions  these 
points  lead  us,  if  established. 

1.  As  to  external  features,  we  have  failed  to  find  in  Triton 
the  suckers  and  horny  teeth  with  which  the  Batrachian 
larva  is  furnished. 

2.  Segmentation  proceeds  in  a  manner  much  like  that  of 
the  Frog,  but  the  roof  of  the  segmentation  cavity  is  from  the 
very  first  only  one  cell  thick. 

8.  An  unsymmetrical  invagination,  like  that  of  the  Frog 
and  Lamprey,  takes  place,  giving  rise  to  one  layer  in  the 
middle  line,  the  hypoblast,  and  two  at  the  sides,  hypoblast 
and  mesoblast.  The  invagination  mesoblast  is  supplemented 
by  other  cells,  which  split  off  from  the  yolk  hypoblast.  These 
two  lateral  and  disconnected  masses  of  mesoblast  are,  we 
consider,  the  homologues  of  the  paired  hypoblastic  divers 
ticula  in  Amphioxus. 

4.  The  eptblast  is  at  first  composed  of  a  single  layer  of 
1  Jenaische,  <  Zeitschrift/  1871,  pp.  435-439. 
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columnar  cells,  which  early  separate  into  two  rows,  and  of  the 
two  layers  thus  formed  the  inner  becomes  the  active  one, 
entering  exclusively  into  the  formation  of  the  sense  organs. 
In  the  spinal  cord  and  brain  the  division  into  two  layers  does 
not  take  place  till  very  much  later. 

5.  The  hypoblast  is  of  two  kinds,  the  invaginated  and  that 
which  arises  from  the  metamorphosed  yolk-cells. 

6.  The  notochord  is  of  hypoblastic  origin,  and  takes  up  the 
entire  dorsal  wall  of  the  alimentary  tract  (except  in  the  head) 
in  its  formation,  fresh  hypoblast  growing  from  the  sides 
below  it.  It  becomes  well  formed  and  cylindrical  in  shape 
before  any  cell  division  takes  place  in  it. 

7.  The  body-cavity  extends  into  the  head,  appearing  in 
this  region  first.  The  head  mesoblast  becomes  split  into 
somites,  which  have  the  same  relations  and  number  (except 
80  far  as  modified  by  the  reduction  of  the  visceral  clefts)  as 
in  the  Elasmobranchs,  but  do  not  seem  to  communicate 
below. 

8.  The  thyroid  body  is. formed  by  an  outgrowth  from  the 
alimentary  canal,  the  walls  of  which  become  continuous  with 
the  mucous  layer  of  the  epiblast ;  the  continuity  of  the  horny 
layer  is  not  interrupted. 

Conclusion. 

If  the  statements  in  this  paper  prove  to  be  well  founded, 
they  will  give  us  some  data  for  judging  of  the  relationships 
of  the  two  groups  of  Amphibia  to  each  other,  and  to  some 
lower  types.  The  marked  divergences  from  the  Batrachian 
type  which  the  Newt  shows  us  point  to  the  conclusion  that 
the  Urodeles  and  Batrachians  have  been  separated  for  a  very 
long  period.  And  it  is  interesting  to  observe  that,  in  those 
cases  where  the  divergence  is  other  than  a  mere  matter  of 
detail,  it  leads  towards  the  Lamprey,  and  through  that  to 
Amphioxus.  The  opinion  seems  to  be  gaining  ground  that 
some  such  form  as  the  Lamprey  is  the  point  toward  which  the 
Amphibia,  the  Elasmobranch,  Ganoid,  and  Dipnoic  fishes 
converge,  and  the  more  these  types  are  investigated  the 
better  established  appears  this  view.  As  yet,  however,  we 
are  not  in  a  position  to  pronounce  upon  it  with  even  an 
approximation  to  certainty.  The  observations  brought 
forward  in  this  paper  tend  strongly,  we  think,  in  this 
direction,  and  we  hope  that  future  investigations  upon  the 
Amphibia,  the  Ganoids,  and  especially  the  Dipnoi,  will  soon 
put  the  matter  to  a  crucial  test. 

In  conclusion,  we  must  express  our  very  sincere  thanks  to 
Mr.  F.  M.  Balfour  for  his  never-failing  kindness  and  assist- 
ance to  us  while  engaged  in  this  work. 
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The  Structure  of  Haliphtsbma  Tumanowiczii.     By  E. 
Ray  Lankester,  F.R.S.     (With  Plate  XXII.) 

A  remarkable  dispute  has  been  carried  on  during  the 
past  year  concerning  a  minute  marine  organism  which  forms 
a  tubular  case  in  6hape  like  a  "  cornucopia/'  scarcely  so  large 
as  a  letter  "  y  "  as  printed  on  this  page.  These  little  tubes 
were  first  described  by  Dr.  Bower  bank  (in  1864,  *  British 
Spongiadse/  Ray  Society),  and  were  considered  by  him  to  be 
the  skeletons  of  a  very  simple  kind  of  sponge,  to  which  he 
gave  the  name  Haliphysema.  Two  species  were  described 
by  that  author,  viz.  H.  Tumanowiczii  and  H,  ramulosum, 
Mr.  Carter,  in  1870  ('Ann.  and  Mag.  Nat.  Hist.,'  p.  309) 
brought  forward  reasons  for  considering  these  little  tubes  as 
the  work  of  quite  another  group  of  organisms,  viz.  the 
Foraminifera,  and  described  what  he  considered  as  a  closely 
allied  form  under  the  name  ^^  Squamulina  scopula,^'  In 
1877  Professor  Ernst  Haeckel  published  in  the  '  Jenaische 
Zeitschrift '  an  account  of  Haliphysema,  in  which  he  recog- 
nised five  species;  with  this  genus  he  associated  a  new 
one,  Gastrophysema,  into  which  he  placed  the  '^  SquamuUna 
scopula  "  of  Carter,  and  a  new  species  G.  dithalamium. 

The  soft  parts  of  the  Haliphysema  of  Bowerbank  and  of 
Carter's  similar  organism  had  never  been  described  before 
Professor  Haeckel's  memoir  on  the  subject.  Haliphysema 
was  simply  known  as  a  funnel-like  shell  of  minute  size, 
the  substance  of  the  shell  being  made  up  of  particles  foreign 
to  the  organism  itself,  namely,  grains  of  quartz,  spicules  of 
sponges, — and  any  other  such  material.  There  was  nothing  in 
the  structure  of  the  tests  of  these  organisms  to  forbid  their 
association  with  the  arenaceous  Foraminifera  or  similar 
building  forms  of  Protozoa.  On  the  other  hand,  it  was  possible 
that  they  were  the  work  of  a  sponge,  a  polyp,  or  even  of  a 
worm.  Professor  Haeckel  gave  a  most  minute  and  fully 
illustrated  description,  not  only  of  the  test  of  Haliphysema 
and  Gastrophysema,  but  also  of  their  soft  living  substance. 
His  memoir  is  illustrated  by  three  plates,  and  on  these 
plates  are  figured,  with  ideal  symmetry  and  precision,  the 
appearance  of  these  forms  as  seen  when  longitudinally 
divided  in  the  living  state.  Professor  Haeckel  described 
Haliphysema  and  Gastrophysema  as  hollow  mouth-bearing 
sacs,  built  of  two  layers  of  cells — an  outer  ''  syncytium  " 
the  ectoderm — and  an  inner  closely  set  lining  of  flagellate 
^'collared-cells/'  similar  to  those  found  in  the  ciliate  chambers 
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of  sponges.  Further,  he  described  and  figured  a  number  of 
egg-like  bodies  as  adhering  to  the  endoderm  and  formed  by 
a  modification  of  its  cells.  These  were  regarded  as  ova. 
Excepting  for  the  absence  of  pores  in  the  body-wall,  the 
structure  thus  described  corresponded  very  closely  with  that 
of  the  simplest  examples  of  the  Porifera  or  Sponges.  In 
consideration  of  their  wanting  the  pores  characteristic  of 
Sponges,  Professor  Haeckel  proposed  to  place  the  genus 
Haliphysema  of  Bowerbank  and  his  own  new  genus  Gas- 
trophysema  in  a  new  great  group  of  Coelenteric  animals,  to 
which  he  gave  the  name  '^  Physemaria.'*  The  Physemaria 
were  stated  to  represent  the  simplest  two-celUlayered  forms 
of  life  from  which  all  the  Metazoa  (or  Enterozoa)  have  been 
derived. 

As  such  the  Physemaria  have  been  admitted  into  text-books 
(e.g.  Gegenbaur's  *Grundriss'),and  have  formed  the  subject 
of  many  a  discourse  when  the  principles  of  phylogeny  and 
the  germ-layer  theory  Tiave  been  expounded  to  zoological 
students. 

Quite  recently  a  doubt  has  been  raised  as  to  whether 
the  *'  Physemaria "  as  a  group  have  any  existence  at  all. 
We  are,  m  fact,  asked  to  believe  that  there  are  two  sets  of 
organisms  exactly  alike  in  the  details  of  their  external  struc- 
ture, viz,  the  cornucopia-like  tube  with  its  disc-like  base  and 
its  constituent  spicules,  &c.,  but  differing  from  one  another 
in  the  structure  of  their  soft  parts — the  one  being  Proto- 
zoa, the  other  sponge-like  multicellular  Coelenterates. 

The  matter  has  been  brought  to  this  pass  by  a  series  of 
papers  in  the  *  Annals  and  Mag.  of  Nat.  History,'  con- 
tributed during  the  past  year  by  Mr.  Carter,  the  Rev.  A. 
M.  Norman  and  Mr.  Savile  Kent,  and  the  difliculty  of  the 
position  will  be  in  no  way  diminished  by  the  observations 
which  I  have  myself  made  and  am  about  to  record.  Mr. 
Carter,  the  original  discoverer  of  Haeckel's  Gastrophysema 
scopula,  protests  that  the  chambered  nature  of  the  shell  of 
his  little  organism,  and  the  extrusion  of  protoplasm  in  the 
form  of  pseudopodia  from  broken  but  living  specimens, 
proves  them  to  be  Foraminifera  and  not  Coelentera.  At 
the  same  time  Mr.  Carter  is  not  able  to  state  from  observa- 
tion that  his  specimens  are  devoid  of  an  axial  cavity  lined 
by  flagellate  collar-cells. 

Mr.  Norman,  on  the  other  hand,  after  examining  Mr. 
Carter's  specimens  of  Gastrophysema  (=  Squamulina) 
scojpula,  and  comparing  them  with  Dr.  Bowerbank's  type- 
specimens  of  Haliphysema,  and  with  other  specimens  and 
supposed  diverse  species  of  that  genus,  comes  to  the  con^ 
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elusion  that  all  these  forms,  Gastrophysema  and  Haliphy- 
sema,  are  hut  variations  of  one  species,  necessarily  referable 
to  the  original  Haliphysema  Tumanowiczii, 

At  the  same  time  Mr,  Norman  has  no  observations  to 
offer  relative  to  the  internal  structure  of  the  soft  living 
animal^  and  accepts  (as  all  zoologists  would  gladly  do  at 
this  moment)  Professor  Haeckel's  description  as  correct. 
Accordingly  Mr.  Norman  refers  Haliphysema  to  the  Sponges. 

In  July,  1878,  however,  the  '  Annals '  contained  a  very 
important  paper  by  Mr.  Saville  Kent.  Whilst  other  zoologists 
had  settled  down  to  a  belief  in  the  Physemaria,  Mr.  Kent 
had  not  rested  content  till  he  obtained  living  specimens  of 
these  forms.  These  he  procured  in  abundance  at  Jersey, 
and  was  now  able  to  offer  some  most  astonishing  observa- 
tions on  Haliphysema.  He  figured  in  a  drawing,  which 
must  be  accepted  as  an  accurate  representation  of  fact,  a 
specimen  of  .the  tube  of  Haliphysema,  from  which  was  issuing 
an  abundant  reticular  protoplasm,  spreading  its  filaments 
far  beyond  the  tube,  even  to  a  distance  of  five  times  its 
greatest  diameter  ('Annals  and  Mag.  Nat.  History,'  ser. 
V,  vol  ii,  pi.  v).  This  drawing  represents,  Mr.  Kent  tells 
us,  what  he  saw  of  a  living  specimen  examined  intact  on 
the  field  of  the  microscope. 

The  conclusion  which  Mr.  Kent  drew  from  this  observa- 
tion was  perfectly  legitimate.  He  concluded  that  he  had 
before  him  a  Reticularian  Rhizopod.  Further,  he  had  no 
reason  to  doubt,  especially  after  Mr.  Norman's  discussion  of 
the  subject,  that  the  tube  from  which  the  protoplasm  issued 
was  that  of  Haliphysema  (alias  Squamulina,  alias  Gastro- 
physema). Accordingly,  Haliphysema  was  shown  not  to  be 
a  two-cell-layered  organism,  but  an  arenaceous  Foraminifer, 
one  of  Dr.  Carpenter's  Lituolida. 

At  the  same  time  Mr.  Kent  is  careful  to  point  out  that, 
should  there  be  organisms,  as  represented  by  Professor 
Haeckel,  corresponding  to  the  forms  identified  by  himself 
(Mr.  Kent)  with  Haliphysema,  and  having  internal  cavities 
lined  with  collar-bearing  flagellate  cells,  their  sponge  nature 
would  be  unquestionable,  and  we  should  have  in  them 
merely  remarkable  isomorphs  or  external  facsimiles  of  the 
Foraminiferal  type. 

Being  deeply  interested  in  this  controversy,  and  not 
knowing  whom  to  credit  nor  how  to  explain  discrepancies, 
doubting  very  much  the  ''isomorph"  theory,  T  applied  to 
Mr.  Saville  Kent  for  living  specimens  of  his  Haliphysema 
Tumanowiczii. 

With  my  request  he  most  courteously  complied,  and  sent 
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from  Jersey,  not  only  a  quantity  of  living  specimens,  but 
subsequently  others,  carefully  treated  by  reagents  on  the 
spot  according  to  my  directions. 

I  may  confess,  without  offence  to  Mr,  Kent,  that  I  was 
intent  upon  discovering  in  his  Haliphysema  evidence 
of  the  syncytium  and  collar-bearing  flagellate  cells  described 
by  Haeckel,  which,  I  thought  it  possible,  might  have  escaped 
his  observation.  My  inquiries  were  made  on  both  living  and 
preserved  specimens,  and  have  led  to  the  discovery  of  a  very 
interesting  structure,  which. miglit  at  first  sight  be  taken 
to  indicate  that  the  organism  was  built  up  of  many  cells,  and 
was  similar  to  a  sponge.  The  structure,  as  described  below, 
is,  however,  essentially  that  of  the  Protozoa,  and  leaves  no 
doubt  whatever  in  my  mind  that  Haliphysema  is  to  be 
referred  to  that  group. 

Whether  there  are  isomorphs  of  Haliphysema  constituting 
the  group  "  Physemaria,"  as  suggested  by  Mr.  Kent,  and  as 
also  asserted  by  Dr.  R.  Hertwig,  of  Jena,  in  Hoffmanns  and 
Schwalbe's  '  Jahresbericht,'  vol.  vii,  second  part,  is  a  matter 
which  is  clearly  out  of  the  field  of  discussion. 

It  is  certainly  most  desirable  that  these  "isomorphs" 
should  be  produced,  as  I  earnestly  hope  that  they  will  soon 
be,  by  my  friend  Profesor  Haeckel,  or  else  that  some  kind  of 
explanation  should  be  offered  to  remove  the  present  puzzling 
antagonism  of  the  statements  which  have  been  made  in 
regard  to  Haliphysema  and  Gastrophysema,  by  Professor 
Haeckel  on  the  one  side,  and  by  English  observers  on  the 
other. 

1.  Condition  of  the  material  studied. — The  specimens 
forwarded  to  me  were  in  two  conditions:  firstly,  several 
living  specimens  sent  in  a  large  vessel  of  sea  water ;  secondly, 
specimens  preserved  in  Jersey  by  Mr.  Kent  by  placing 
them  first  in  a  large  quantity — half  a  litre — of  one  sixth 
per  cent,  solution  of  chromic  acid,  from  which,  after  a 
lapse  of  twenty-four  hours,  they  were  removed  to  strong 
alcohol. 

2.  External  test, — In  PI.  XXII,  fig.  1,  I  have  given  a 
drawing  of  the  external  test  of  a  small  specimen,  magnified 
135  times  linear.  The  specimens  sent  to  me  were  very 
varied  inform,  some  much  more  elongated  than  that  figured ; 
others  with  a  more  globose  anterior  region  (like  Gastro- 
physema) ;  others  exhibiting  a  nodose  series  of  enlargements 
(polythalamous).  The  character  and  direction  of  the ' 
spicules  and  fragments  of  spicules  used  to  form  the  test  was 
not  the  same  in  all.  The  first  specimens  which  I  received 
closely  resembled  the  Haliphysema  figured  by  Haeckel  in 
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the  'Jen.  Zeitschrift/  but  none  were  so  perfectly  sym- 
metrical and  uniform  in  the  disposition  of  the  spicules.  It 
is,  however,  important  to  state  that  the  forwardly-pointing 
spicules,  giving  the  organism  a  brush-like  appearance,  are 
very  nearly  as  abundant  in  some  of  the  Jersey  specimens  as 
in  Professor  Haeckel's  figure.  The  form  which  I  have 
drawn  was  selected  as  being  the  commonest  in  the  gathering 
sent  to  me. 

There  are  certain  very  striking  points  of  identity  between 
the  Jersey  specimens  and  Professor  HaeckePs  figure.  The 
first  is  the  possession  of  a  large  disc-like  or  rather  a 
hemispherical  base,  which  gives  support  to  a  narrow  stalk, 
comparable  to  the  stem  of  a  wine  glass.  The  second  is  the 
composition  of  the  test  from  sponge  spicules,  among  which 
those  of  Reniera  and  Esperia  predominate,  associated  with 
which  are  spicules  of  Calcispongise,  fragments  of  the  spines 
of  Crustacea,  and  granules  of  quartz.  It  is  obvious  enough 
that  a  composite  test  of  this  kind  is  liable  to  vary  in  its 
components  almost  indefinitely,  according  to  the  material 
existing  in  its  locality. 

No  pores  or  fenestrse  are  visible  in  the  walls  of  the  test, 
excepting  anteriorly,  where  there  is  a  considerable  aperture 
in  or  deficiency  of  the  test. 

3.  The  contents  of  the  test. — It  is  difficult  to  obtain  from 
a  fresh  specimen  of  Haliphysema  satisfactory  evidence  of  the 
nature  of  the  living  substance  which  it  encloses.  Mr.  Kent 
was  fortunate  enough  to  observe  reticular  protoplasm  ex- 
truded irom  his  specimens.  Those  which  I  received  did  not 
exhibit  this  phenomenon,  owing,  no  doubt,  to  the  fact  that 
they  had  been  affected  by  the  journey.  It  was,  however, 
possible,  by  carefully  teazing  the  fresh  specimens  with 
needles,  either  in  salt  water  or  in  osmic  acid,  to  obtain  frag- 
ments of  a  finely  granular  protoplasm  interspersed  among 
the  broken-up  spicules  of  the  test.  These  fragments  of 
protoplasm  exhibited  very  usually  one  or  sometimes  three 
or  four  vesicular  nuclei,  which  could  readily  be  stained  with 
picro-carmine.  These  nuclei  were  identical  with  those 
drawn  in  PI.  XXII,  fig.  10. 

The  most  successful  method  of  separating  the  test  from 
the  contained  soft  matter  I  found  to  be  the  following : — 
Specimens  which  had  been  placed  when  quite  fresh  in 
cliromic  acid  (f  th  per  cent.),  and,  subsequently,  in  alcohol, 
were  treated  successively  with  absolute  alcohol,  oil  of  cloves, 
and  Canada  balsam,  either  with  or  without  previous  staining 
by  heematoxylin.  The  whole  specimen  was  mounted  in  bal- 
sam, and  the  covering  glass  then  gently  pressed,  and  moved 
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in  such  a  way  as  to  crack  the  test  and  roll  away  its  frag- 
ments from  the  soft  kernel  within.  In  this  way  I  succeeded 
in  obtaining  several  more  or  less  complete  *'  cores  "  or  **  ker- 
nels,** such  as  that  figured  in  PI.  XXII,  fig.  2. 

These  were  sufficiently  transparent  to  admit  of  their  exa- 
mination by  the  highest  powers  of  the  microscope,  and  by 
teazing  stained  specimens  it  was  easy  to  obtain  complete 
evidence  of  their  structure. 

The  "  core "  of  Haliphysema — I  speak  of  the  Jersey 
specimens,  not  of  Professor  Haeckers — is  a  continuous  mass 
of  protoplasm,  exhibiting  no  central  cavity,  and  devoid  of 
"cell-structure.*'  On  its  surface  this  core  is  fluted  and 
moulded  to  the  shape  of  the  adjoining  spicule-fragmenta 
which  form  the  test  (see  PI.  XXII,  figs.  2  and  11  r).  There 
appears  to  be  no  differentiation  of  a  "cortical  substance '^  on 
the  surikce  of  the  core,  though  the  protoplasm  is  more  free 
from  granules  here  than  it  is  deeply. 

The  nuclei. — Scattered  in  the  protoplasm  are  an  immense 
number  of  vesicular  bodies  averaging  -p^Vo^h  inch  in  dia- 
meter  and  of  very  constant  size.  These  vesicular  bodies 
stain  deeply ;  their  walls  are  thick  anS  their  contents  finely 
granular  or  else  hyaline.  The  wall  of  the  vesicles  stains 
much  more  deeply  than  their  contents.  In  the  living  state 
these  vesicular  bodies  are  spherical  in  form ;  after  the  action 
of  chromic  acid  or  of  alcohol  they  exhibit  various  conditions 
of  collapse  and  shrinking ;  some  of  these  are  drawn  in  fig. 
10.  In  teazed  chromic-acid  specimens  the  vesicles  are 
readily  isolated,  frequently  leaving  a  "  bed  **  or  space  in  the 
protoplasm  from  which  they  have  been  disinterred. 

The  term  "vesicular  nuclei*'  may  be  applied  to  these 
bodies  which  certainly  constitute  the  most  obvious  structural 
feature  of  the  soft  substance  of  Haliphysema. 

We  have  not  to  go  far  to  find  their  parallel  amongst  the 
Protozoa.  Though  they  differ  in  the  fact  that  they  are 
very  abundant,  and  in  their  sharp  emargination,  from  the 
nuclei  recently  discovered  in  Foraminifera  by  F.  E.  Schulze 
and  Hertwig,  yet  it  seems  most  probable  that  they  are  only 
an  elaborated  condition  of  such  nuclei.  In  abundance  and 
sharpness  of  outline  they  are  paralleled  or  even  surpassed  by 
the  vesicular  nuclei  of  Pelomyxa,  and  it  is  also  a  conclusion 
admitting  of  little  doubt  that  the  peculiar  oat-shaped  cor- 
puscles of  Labyrinthula  and  Chlamydomyxa  are  further 
examples  of  the  existence  of  very  numerous  sharply-defined 
nuclei  existing  in  an  organism  which  is,  nevertheless,  uni- 
cellular. 

The  vesicular  nuclei  which  are  now  figured  as  character- 
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istic  of  Haliphysema  occur  in  all  probability  in  the  other 
Arenaceous  Foraminifera,  and  in  other  members  of  the  group 
also.  Dr.  Carpenter  figures  in  his  classical  monograph 
of  the  group,  published  by  the  Ray  Society^  certain 
vesicular  bodies  from  Orbitolites,  which  correspond  in 
size  and  general  character  with  the  vesicular  nuclei  of 
Haliphysema.  It  is,  howeyer,  possible  that  the  bodies 
found  in  Orbitolites  are,  as  Mr.  Moseley^  has  suggested^ 
parasitic  unicellular  Algse.  Those  of  Haliphysema  are 
certainly  not  parasitic/ but  integral  parts  of  the  organism 
in  which  they  occur.  In  the  fresh  state  they  are  colourless, 
whilst  Mr.  Moseley  states  that  the  corpuscles  of  Orbitolites 
are  green  when  fresh  (probably  coloured  by  chlorophyll), 
and  compares  them  with  the  yellow  "  cells  ''  of  Badiolaria, 
which  have  been  supposed  by  Cienkowski  to  be  parasitic. 

Egg4ike  bodies. — The  vesicular  nuclei  are  most  abundant 
in  the  basal  portion  of  the  core  of  Haliphysema.  Ante- 
riorly they  are  much  diminished  in  number,  and  here  I 
found  in  several  specimens  that  the  protoplasm  was  seg- 
mented into  bodies  of  much  larger  size  than  the  vesicular 
nuclei,  varying  from  tlie  ttW^^  ^^  ^^^  Trnr^h  of  an  inch 
in  diameter.  These  bodies  correspond  very  closely  with 
the  '*  eggs  "  figured  by  Haeckel  in  his  "  isomorph  *^  of  Hali- 
physema. 

The  smallest  of  them  (fig.  6)  are  devoid  of  nucleus,  and 
the  constituent  protoplasm  appears  to  be  vacuolated.  In 
the  larger  specimens  the  outline  of  the  corpuscle  is  well 
defined,  but  there  is  nothing  like  a  wall  or  capsular  invest- 
ment. The  protoplasm  has  the  rather  coarsely  granular 
character  seen  in  egg-cells  so  usually,  and  a  central  nucleus 
is  after  some  care  to  be  made  out.  I  obtained  these  bodies 
most  satisfactorily  for  observation  by  teazing  preserved 
specimens  of  the  Haliphysema.  One  which  I  have  figured 
is  seen  to  be  undergoing  transverse  fission.  The  formation 
of  such  egg-like  germs  within  the  general  protoplasm  of  a 
unicellular  Protozoon  is  entirely  in  accord  with  what  is 
known  as  to  the  reproductive  process  in  such  organisms. 
There  are  numerous  observations  of  long  standing  (see  Car* 
penter's  '  Foraminifera  *)  which  indicate  such  a  formation  of 
nucleated  germs  within  the  substance  of  the  shell-bearing 
Beticularia,  whilst  the  most  recent  observations  on  the 
Badiolaria  confirm  the  earlier  observation  of  a  similar  pro* 
cess  in  those  allied  forms. 

The  body  substance  in  general, — The  vesicular  nuclei  and 
the  egg-like  corpuscles  are  embedded  in  a  finely  granular 
1  <  Notes  of  a  Naturalist  on  the  Challenger/  p.  293. 
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protoplasm^  which,  when  teazed  and  examined  in  small 
pieces,  has  the  appearance  of  being  built  up  by  a  meshwork 
of  fine  fibrillse,  or,  to  put  it  in  another  way,  appears  to  con- 
sist of  denser  substance,  honeycombed  by  very  small 
'^  vacuoles  "  or  spaces  of  less  dense  substance.  Here  and 
there  are  denser  granules  and  small  corpuscles,  smaller  and 
less  emarginated  than  the  vesicular  nuclei. 

In  no  part  of  the  body  substance  is  there  evidence  of  any 
axial  cavity  comparable  to  the  enteron  of  higher  animals, 
nor  the  slightest  trace  of  a  breaking  up  of  the  protoplasm 
into  areas  or  units  corresponding  to  cells,  with  the  exception 
of  the  egg-like  bodies  of  the  anterior  region. 

The  external  protoplasm. — In  the  specimens  preserved  in 
chromic  acid,  though  no  expanded  networks  of  protoplasm^ 
such  as  that  seen  by  Mr.  Kent  in  living  examples,  can  be 
observed,  having  as  a  matter  of  course  been  retracted  and 
shrunk  during  the  disturbance  preliminary  to  the  action  of 
the  preserving  fluid,  yet  in  all  my  specimens  knob-like 
masses  of  the  protoplasm  could  be  observed  here  and  there 
on  the  surface  of  the  unbroken  tubes.  The  prettiest 
examples  are  those  in  which  the  protoplasm  has  been  killed 
and  preserved  whilst  crawling  along  the  surface  of  one  of 
the  projecting  spicules  of  the  tube.  In  fig.  1  such  knobs  of 
protoplasm  are  seen,  and  in  fig.  3  a  camera  lucida  drawing 
is  given  of  a  spicule  projecting  well  forward  from  the  test  of 
a  Haliphysema,  having  on  its  surface  a  quantity  of  stream- 
ing (or  rather  what  was  streaming)  protoplasm.  An  impor- 
tant fact  is  exhibited  by  this  specimen,  namely,  that  the 
vesicular  nuclei  pass  out  of  the  test  and  stream  with  the 
protoplasm  over  the  surface  of  the  spicules,  and  probably  on 
to  the  network  which  is  formed  beyond  in  the  living  condi- 
tion.    One  of  the  vesicular  nuclei  is  seen  in  fig.  8  n. 

From  the  preceding  account  it  appears  that  the  structure 
of  Haliphysema  is  not  quite  so  simple  as  that  which  has 
been  supposed  to  characterise  the  body- substance  of  the 
Lituolida.  It  seems  to  me  very  possible  that  we  shall  even- 
tually find  among  the  larger  members  of  the  varied  groups  of 
organisms  classed  as  **  Foraminifera  '^  as  high  a  structural 
differentiation  as  that  exhibited  by  any  of  the  naked  fresh- 
water forms  of  Gymnomyxa  (Rhizopoda)  such  as  Pelomyxa, 
Ghlamydomyxa,  and  Actinosphserium.  Possibly,  when  means 
are  taken  to  overcome  the  difficulties  of  observation  pre- 
sented by  their  opaque  and  resisting  shells,  the  larger 
*'  Foraminifera  "  may  prove  not  only  to  be  nucleated  but  to 
be  as  highly  organised  (though  not  in  the  same  way)  as  the 
Badiolaria. 
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LiTHAM(£BA  DISCUS,  nov.  gen.  ct  sp.,  one  of  the  Gymnomyxa. 
By  E.  Ray  Lankbstbr,  F.R.S.     (With  Plate  XXIII.) 

I  INCLUDE  under  the  division  Gymnomyxa  all  those  Pro- 
tozoa or  Homoblastic  animals  which  expose^  in  a  naked  state^ 
to  the  medium  in  which  they  live,  the  living  protoplasm  of 
their  body-substance,  in  the  form  of  those  lobose,  filamen- 
tous, or  reticulate  processes  known  as  pseudopodia.  The 
group  is  the  complement  of  the  Corticata,  in  which  a  perma- 
nent differentiation  of  the  surface  of  the  body-substance 
has  been  effected,  necessitating  either  parasitic  nutrition 
(Gregarinse)  or  the  specialization  of  an  ingestive  orifice  (the 
Ciliate,  Flagellate,  and  Suctorial  Infusoria).  The  Gymno- 
myxa thus  include,  together  with  the  Radiolaria  and  others, 
all  those  forms  known  as  Rhizopoda,  whether  provided 
with  nucleus  or  devoid  of  that  structure. 

In  examining  a  gathering  from  a  pond  near  Birmingham, 
forwarded  to  me  in  April  last  by  Mr.  Bolton  of  that  town, 
I  observed  six  specimens  of  an  organism  belonging  to  the 
group  of  the  Gymnomyxa,  apparently  hitherto  undescribed. 

The  organism  in  question  is  related  to  the  Amoebae,  having 
the  coarse,  lobose  pseudopodia  characteristic  of  that  genus. 
At  the  same  time  the  protoplasm  of  which  it  consists  is 
vacuolated  in  a  remarkable  way  not  observed  in  Amoeba,  and 
moreover,  numerous  peculiar  concretions  are  embedded  in 
its  substance,  which  are  not  precisely  like  anything  known 
in  Amoeba.  The  actual  form  of  the  processes  of  the  body- 
substance  or  pseudopodia  extruded  by  the  present  form  is 
also  not  identical  with  that  of  the  pseudopodia  of  the  com- 
moner Amoebfie,  such  as  A.  princeps  or  A,  radiosa,  but  rather 
resembles  the  hernia-like  extrusions  of  the  protoplasm  ex- 
hibited by  that  very  remarkable  example  of  the  freshwater 
Gymnomyxa,  Pelomyxa,  described  a  few  years  since  by 
Professor  Oreef,  a  form  which  I  have  had  the  good  fortune 
to  find  also  in  this  country. 

The  new  Protozoon  I  propose  to  call  Lithamceha  dtsctis, 
the  generic  name  having  reference  to  its  characterstic  con- 
cretions, and  the  specific  name  to  the  form  which  it  assumes 
when  in  a  quiescent  condition. 

I  am  not  able  to  furnish  any  particulars  as  to  the  life- 
history  of  Lithamceba  discus,  but  it  appears  to  me  that  the 
details  of  its  structure  are  sufficiently  interesting  to  merit 
publication. 

Form  of  the  body. — In  Plate  XXIII,  fig.  1,  a  specimen  is 
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represented  as  seen  in  the  living  condition,  quiescent.  It 
consists  of  a  discoid  mass  of  protoplasm  the  xir^h  of  an  inch, 
in  diameter. 

The  concretions, — The  periphery  of  the  disc  is  clear  and 
colourless^  towards  the  centre  a  dark  greyish  appearance  is 
observed^  owing  to  the  large  number  of  rounded  concretions 
of  a  highly  refringent  substance  which  are  embedded  in 
the  protoplasm.  Most  of  these  concretions  are  of  minute 
size,  with  a  tendency  to  a  reniform  shape.  Two  much  larger 
concretions  are  seen ,  the  larger  of  which  measured  the  ^-jir^h 
inch  in  length.  The  substance  of  which  these  concretions 
are  formed  was  not  determined.  It  resists  the  action  of  dilute 
acetic  acid  and  of  dilute  caustic  potash,  but  is  dissolved  by 
strong  hydrochloric  acid. 

In  fig.  8  one  of  these  concretions  is  represented  from 
another  specimen  isolated. 

The  nucleus. — A  single  nucleus  (n),  of  large  size,  measuring 
3-^th  inch  in  longest  diameter  is  present*  ft  has  an  irregular 
block-like  form  and  a  very  obvious  and  definite  structure. 
It  is  enclosed  in  a  well-differentiated  membrane,  which  can 
be  separated  from  it  by  the  action  of  reagents  (fig.  5).  Its 
substance  appears  to  be  built  up  by  a  number  of  minute, 
closely-set  granules,  which  are  angular  and  set  side  by  side 
in  a  cementing  substance.  There  is  no  specialised  nucleolus, 
nor  are  nucleolar  fibrillse  to  be  observed. 

Food  matters. — Besides  the  concretions  and  the  nucleus 
the  protoplasm  contains  a  quantity  of  food  debris  (ff),  con- 
sisting of  a  frustule  of  the  Diatom  Navicula,  and  the  carapace 
of  a  Kotifer  and  other  matters. 

Contractile  vacuole, — The  centre  of  the  disc  is  occupied  by 
a  very  large  vacuole  (cv),  containing  a  clear  liquid,  and 
having,  both  above  and  below,  excessively  thin  walls.  The 
vacuole  measures  -j-^th  inch  in  diameter.  Continued  ob- 
servation showed  this  vacuole  to  be  contractile,  and  that  its 
contents  are  discharged  periodically  to  the  exterior. 

Vacuolar  structure  of  the  protoplasm. — In  focussing  the 
upper  wall  of  the  vacuole  I  first  became  aware  of  the  ex- 
cessively fine  reticulate  or  vacuolar  structure  which  charac- 
terises the  protoplasm  of  the  whole  body.  This  differentiation 
of  the  protoplasm  can  be  detected  all  round  the  margin  of 
the  disc  also,  and,  in  fact,  wherever  the  protoplasm  is 
sufficiently  free  from  concretions  or  food  matter  to  allow  of 
proper  illumination  and  inspection.  This  vacuolar  structure, 
as  seen  under  a  No.  10  immersion  objective  after  treatment 
of  a  specimen  of  Lithamoeba  with  osmio  acid,  followed  by 
picro-carmine,  is  represented  in  fig.  4. 
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The  staining  with  picro-carmine  did  not  affect  the  concre- 
tions^  but  was  taken  very  strongly  by  the  whole  contents  of 
the  nuclear  cyst. 

The  cuticle, — Iodine  was  applied  to  one  specimen,  in  order 
to  ascertain  the  presence  or  absence  of  starch.  No  starch 
was  found,  but  the  iodine  brought  out  a  very  remarkable 
structure  on  the  surface  of  the  organism,  which  certainly 
must  be  held  to  indicate  the  existence  of  a  cuticular  pellicle. 
The  structure  in  question  consisted  of  exceedingly  fine 
granules  (fig.  7),  which,  when  a  portion  of  the  margin  of 
the  body  was  focussed,  so  as  to  give  an  optical  section,  had 
the  appearance  represented  in  fig.  6.  The  regular  disc- 
like form  of  Lithamoeba  and  the  peculiar  character  of  its 
hernia-like  pseudopodia  are  quite  in  accordance  with  the 
existence  of  a  cuticular  pellicle,  which  must  be  inferred 
from  the  punctate  structure  rendered  evident  by  iodine. 
The  cuticle  of  Lithamceba  is  not  a  highly-developed  one, 
like  those  of  jimphizonella,  or  of  Amphitrema,  which  leave 
portions  of  the  body  unprotected,  whence  the  naked  proto- 
plasm can  be  extruded,  but  it  is  of  a  delicate  and  easily 
ruptured  consistency,  bursting,  as  it  were,  soitietimes  at  one 
point,  sometimes  at  another,  in  order  to  allow  the  con- 
tained protoplasm  nakedly  to  expose  itself  in  a  hernia-like 
excrescence. 

Pseudopodia. — The  hernia-like  pseudopodia  of  the  same 
specimen  as  that  drawn  in  fig.  1  are  seen  in  fig.  2,  the  or- 
ganism being  represented  in  a  state  of  activity.  The  extrusion 
of  these  masses  seems  to  begin  with  a  minute  rupture  of  the 
cuticle.  Through  the  orifice  thus  produced  the  fluid  pro- 
toplasm exudes  in  a  spherical  form,  and  as  it  increases  in 
quantity  the  rupture  of  the  cuticle  is  increased,  whilst  con- 
cretions from  the  more  central  portion  of  the  disc-like  body 
flow  into  the  enlarging  lobe.  With  great  rapidity  the  whole 
extrusion  now  appears  to  fuse  once  more  with  the  disc,  and 
a  new  rupture  and  extrusion  takes  place  at  another  point  of 
the  margin.  A  new  cuticular  pellicle  must  be  formed  very 
rapidly  on  the  surface  of  the  hernia-like  extrusions  of 
protoplasm. 

I  did  not  observe  in  Lithamceba  any  filamentous  or 
elongated  pseudopodia,  such  as  are  known  to  accompany 
hernia-like  pseudopodia  in  Pelomyxa. 

Contractions  of  the  vacuole. — During  the  movements  of 
the  specimen  (fig.  1,  fig.  %)  the  large  central  vacuole  was 
seen  to  burst  and  discharge  a  portion  of  its  contents  to  the 
exterior  but  it  did  not  entirely  collapse.  Its  walls  fell 
together  in  such  a  way  as  to  produce  two  smaller  vacuoles. 
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together  of  less  capacity  than  the  first  vacuole.  These 
slowly  increased  in  size,  and  after  a  time  fused  together  to 
form  one  l|trge  vacuole,  precisely  like  that  from  which  they 
were  derived. 

Lithamoeba  discus  is  thus  seen  to  be  a  uninucleate  form 
with  contractile  vacuole.  In  the  vacuolar  differentiation 
of  its  protoplasm,  its  concretions,  and  hernia-like  pseudo> 
podia.  It  presents  affinity  with  the  multinucleate  Felomvxa, 
which  has  crystalline  bodies  in  place  of  conccetions,  and  no 
contractile  vacuole. 

In  the  structure  of  its  nucleus  and  delicate  cuticle 
LUhamceba  is  unlike  any  other  form,  whilst  the  combination 
of  characters  which  it  presents  entitles  it  to  a  very  distinct 
position  amongst  the  Amoeboid  Gymnomyxa. 

The  concretions  appear  to  be,  ver^  probably,  only  a  larger 
form  of  the  refringent  granules  which  are  present  in  great 
quantity  in  the  protoplasm  of  the  common  large  Amoebee. 


On  the   Structure  of  the  Vbrtebrate  Spermatozoon. 
By  Hbneage  Gibbes,  M.B.     (With  Plate  XXIV.) 

In  making  an  examination  into  the  structure  of  the 
spermatozoa  of  Vertebrate  animals  those  of  the  Amphibia, 
such  as  the  Triton  cristatus  and  Salamandra  maculata,  from 
their  large  size,  afford  the  best  examples.  Taking  then  the 
living  spermatozoon  of  either  of  these  animals  in  the  fresh 
condition  just  removed  from  the  body  we  find  the  following 
appearances,  shown  in  figs,  1  and  2,  of  Salamandra  maculata, 
and  fig.  8,  of  Triton  cristatus. 

Fig.  1  was  drawn  from  a  specimen  of  Salamandra 
maculata,  mounted  in  a  i  per  cent,  solution  of  sodium 
chlorate. 

Fig.  2,  also  in  the  same  solution,  under  a  lower  power. 

Fig.  3,  spermatozoon  of  Triton  cristatus,  had  been  placed 
in  a  solution  of  chromate  of  ammonium  and  then  mounted 
in  glycerin . 

From  these  illustrations  it  will  be  seen  that  the  spermato- 
zoon consists  of  (a)  a  long-pointed  head,  at  the  base  of  which 
is  (ft)  an  elliptical  structure  Joining  the  head  to  (c)  a  long 
filiform  body ;  {d)  a  fine  filament^  much  longer  than  the 
body,  is  connected  with  this  latter  by  {e)  a  homogeneous 
membrane. 
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The  head  as  it  appears  in  the  fresh  specimen  has  a  different 
refractive  power  to  the  rest  of  the  organism,  and  with  a 
high  power  appears  to  be  a  light  green  colour  ;  there  is  also 
a  central  line  running  up  it^  from  which  it  appears  to  be 
hollow. 

The  elliptical  structure  at  the  base  of  the  head  connects 
it  with  the  long  thread-like  body^  and  the  filament  seems  to 
spring  from  it. 

Whilst  the  spermatozoon  is  living  this  filament  is  in  con- 
stant motion ;  at  first  this  is  so  quick  that  it  is  difficult  to 
see  it^  but  as  its  vitality  becomes  impaired  the  motion  gets 
slower^  and  it  is  then  easily  perceived  to  be  a  continuous 
waving  from  side  to  side. 

When  the  connecting  membrane  is  thrown  into  folds  as 
tlie  motion  gets  slower  it  is  readily  seen  with  a  high  power^ 
but  it  is  only  visible  in  the  fresh  specimen^  and  disappears 
entirely  on  the  application  of  glycerin. 

This  moving  filament  forms  a  most  beautiful  object  under 
a  moderately  high  power ;  it  can  be  seen  with  Crouches  -J- 
or  Zeiss^  D,  but  with  Powell  and  Lealand's  -j-  immersion  on 
the  new  formula^  it  is  seen  to  perfection. 

The  constant  wavy  motion  gives  one  the  idea  that  a  fine 
thread  is  being  constantly  poured  out  from  the  base  of  the 
head^  and  it  is  difficult  at  first  to  realise  what  the  motion  is. 

After  a  large  number  of  experiments  with  reagents^  I 
found  that  after  placing  the  spermatozoon  in  a  5  per  cent, 
solution  of  chromate  of  ammonium  the  body  and  filament 
can  be  stained  with  one  reagent,  while  the  head  would  take 
another.  This  is  best  shown  by  staining  the  spermatozoon 
first  deeply  with  hsematoxylin^  when  it  will  be  found  that 
the  body  and  filament  show  the  colour  well^  but  the  head 
scarcely  at  all^  and  staining  it  then  in  a  weak  solution  of 
aniline  blue ;  if  it  be  not  left  in  this  fluid  too  long  the  head 
will  be  found  a  bright  blue^  while  the  body  and  filament 
remain  coloured  with  the  heematoxyliu. 

I  have  always  found  that  thb  blliptioal  structurb 
uniting  the  head  and  body  remained  of  the  same  colour 
AS  the  body  and  filament.  It  is  a  difficult  thing  to  do 
this  double  staining  well^  since  a  slight  mistake  in  the  time 
of  immersion  or  in  the  strength  of  the  solution  alters  the 
result  of  the  whole  experiment,  and  although  I  have  had 
numberless  failures,  I  have  succeeded  in  so  many  instances 
that  I  am  confident  the  substance  of  which  the  head  is  com- 
posed  shows  a  different  chemical  reaction  to  the  rest  of  the 
organism. 

With  regard  to  the  existence  of  a  homogeneous  membrane 
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connecting  the  filament  to  the  body,  this  membrane  at 
first  seemed  doubtful,  and  the  filament  appeared  to  be  un- 
connected with  the  body  ;  but  with  a  high  power  the  mem- 
brane can  be  recognised  in  the  fresh  state,  and  it  will 
invariably  he  found  that  when  the  spermatozoon  is  curved, 
as  it  frequently  is,  and  often  lying  in  a  double  curve,  the 
filament  will  always  be  found  placed  at  a  certain  distance 
from  the  convexity  of  each  curve ;  this  distance  varies  a  little 
in  individual  cases. 

If,  while  examining  a  specimen  in  salt  solution  or  distilled 
water,  gentle  pressure  with  the  point  of  a  needle  be  applied 
to  the  cover-glass  so  as  to  cause  a  slight  vibration  in  the  fluid, 
the  filament  will  be  seen  to  move  to  and  fro  but  can  never 
be  forced  further  from  the  body  than  its  natural  distance, 
unless  it  has  in  any  way  been  subjected  to  sufiScient  force  to 
rupture  the  membrane,  in  which  case  it  may  be  seen  lying 
quite  away  from  the  organism  to  which  it  belongs.  This 
seldom  happens,  and  never  when  the  experiment  is  care- 
fully done.  This  would  not  be  the  case  if  the  filament 
were  free. 

In  the  spermatozoa  of  Triton  crUtattts  and  also  Scdaman- 
dra  mactdata,  prepared  with  a  5  part,  solution  of  chromate 
of  ammonium,  and  stained  in  picro-carmine,  this  membrane 
is  not  easily  seen,  and  the  filament  appears  as  if  free  of 
the  body,  and  twisted  more  or  less  like  a  spiral  round  the 
latter. 

This  appearance  was  originally  described  by  Dr.  Klein 
in  this  Journal,  and  its  more  minute  examination  was 
the  primary  object  of  my  inquiry,  which  I  carried  on 
under  his  direction.  Leydig  (^  Lehrbuch  der  Histologic ') 
describes  and  figures  (p.  498)  the  spermatozoon  of  Salaman- 
drin»  as  if  possessed  of  a  narrow  undulating  membrane 
attached  to  its  body. 

I  next  proceeded  to  examine  some  of  the  Mammalian 
spermatozoa  to  see  if  they  possessed  the  filament  just  de- 
scribed, and  in  every  instance  I  have  found  it.  I  have 
examined  spermatozoa  of  horse,  dog,  bull,  cat,  rabbit,  and 
guinea-pig,  and  in  every  case  the  above  filament  was  found 
to  exist. 

The  structure  of  the  spermatozoon,  as  is  well  known,  is  in 
these  instances  slightly  diiferent  from  that  of  the  sperma- 
tozoon of  Amphibian  animals.  The  long-pointed  head  is 
wanting,  and  the  long  filament  does  not  seem  to  extend  so 
far  as  in  the  Amphibia,  but  the  Mammalian  spermatozoon 
being  so  very  much  smaller  it  is  very  difficult  to  make  out 
the  filament  in  its  whole  extent.    I  have  seen  it  best  in  the 
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spermatozoon  of  the  faorse^  as  shown  in  Fig.  4,  and  of  that 
of  the  guinea-pig^  Fig.  5. 

In  these  spermatozoa  there  is  an  intermediate  part 
between  the  head  and  tail,  and  on  it  the  filament  is 
seen  plainly^  but  beyond  this  it  is  very  indistinct. 

In  Reptilia  I  have  only  as  yet  examined  the  spermatozoon 
of  the  green  lizard  and  slow  worm>  and  in  both  of  these  I 
have  found  the  filament,  but  very  indistinct,  and  requiring  a 
high  magnifying  power* 

The  speramatozoon  of  Lacerta  viridis  in  the  firesh  state  has 
a  very  peculiar  appearance.  The  part  corresponding  to  the 
elliptical  body  in  the  Amphibia  is  enveloped  in  a  gelatinous 
mass  somewhat  resembling  a  leucocyte;  it  keeps  in  con- 
stant motion  for  a  long  time,  and  it  is  almost  impossible  to 
see  any  other  part  of  it  until  it  loses  its  vitality;  the  gela- 
tinous mass  keeps  changing  its  shape  as  it  moves  with  a 
quick  jerky  motion. 

After  a  number  of  experiments  in  staining  the  sperma- 
tozoa of  Mammals  with  several  dyes,  I  found  it  almost 
impossible  to  obtain  any  such  definite  results  as  in  the  case 
of  the  larger  spermatozoa  of  the  Amphibia,  and  it  occurred 
to  me  to  try  to  attain  the  same  result,  viz.  to  show  differences 
in  chemical  constitution  of  the  different  parts  of  the  sperma-  « 
tozoon,  by  observing  the  effect  produced  by  different  acids  and 
alkalies  of  varying  strengths. 

I  obtained  the  most  striking  result  with  a  solution  of 
chloride  of  sodiumy  varying  from  i  to  5  per  cent ;  with  this 
reagent  I  found  that  the  head  gradually  dissolved  away, 
together  with  the  membrane  connecting  the  filament  to  the 
body. 

In  Figs.  6, 7,  8,  and  9  the  effect  of  the  chloride  of  sodium 
is  shown 

Taking  a  solution  of  i  per  cent,  strength  at  the  end  of 
twenty-four  hours,  the  head  will  be  found  in  different  stages 
of  disintegration ;  some  heads  are  not  affected  in  the  least, 
others  are  partially  dissolved,  while  still  others  have  become 
so  faint  as  scarcely  to  be  discerned.  After  another  twenty- 
four  hours,  quite  one  half  of  the  head  will  have  altogether 
disappeared,  but  at  the  same  time  some  heads  will  remain 
almost  untouched. 

The  same  result  may  be  arrived  at  in  a  much  shorter  time 
by  using  a  stronger  solution. 

It  will  be  seen,  by  referring  to  Figs.  7  and  8,  that 
the  elliptical  structure,  the  long  filament,  and  the  body, 
remain  intact. 

In  the  spermatozoon  of  L.  viridis,  the  gelatinous  mass 
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enveloping  the  head  becomes  also  dissolved.  In  the  guinea- 
pig  the  large  flat  head  disappears^  and  that  part  only  re- 
mains which  is  seen  as  a  dark  band  when  the  head  is  en 
profile^  as  in  c  and  d  in  Fig.  6. 

The  action  of  Sodm  Bicarb,  is  somewhat  different;  in 
about  forty-eight  hours  the  head  becomes  transformed  into  a 
mass  of  minute  globules,  as  shown  in  Fig.  10,  and  after  a 
time  these  disappear. 

From  the  foregoing  experiments  I  am  justified  in  con- 
cluding— 

1st.  That  the  head  of  the  spermatozoon  is  enclosed  in  a 
sheath,  which  is  a  continuation  of  the  membrane  which 
surrounds  the  filament,  and  connects  it  to  the  body,  acting, 
in  fact,  the  part  of  a  mesentery. 

2ndly.  That  the  substance  of  the  head  is  quite  distinct  in 
its  composition  from  the  elliptical  structure,  the  filament, 
and  the  long  body,  and  that  it  is  readily  acted  upon  by 
alkalies;  these  reagents  have  no  effect,  however,  on  the 
other  part  excepting  the  membranous  sheath. 

Srdly.  That  this  elliptical  structure  has  its  analogue  in  the 
Mammalian  spermatozoon  ;  in  the  one  case  the  head  is  drawn 
out  as  a  long  pointed  process,  in  the  other  it  is  of  a  globular 
form  and  surrounds  the  elliptical  structure. 

4thly.  That  the  motive  power  lies,  in  a  great  measure,  in 
the  filament  and  the  membrane  attaching  it  to  the  body. 

In  my  next  paper  I  propose  to  enter  into  the  structure  of 
the  human  spermatozoon  and  that  of  some  of  the  in- 
vertebrata. 
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Vew  Becord  of  Zoological  Literatnre. — We  would  call  the 
attention  of  nataralists  to  the  following  notice.  ''  The  Zoolo- 
gical Station  at  Naples  has  undertaken  the  publication  of  a 
new  '  Zoological  Record/  in  which  equal  attention  will  be 
paid  to  all  departments  of  zoology.  A  large  staff  of  zoologists 
of  various  nationalities  will  act  as  recorders  under  the  editor- 
ship of  Professor  J.  V.  Carus,  of  Leipzig;  and  the  first 
volume^  dealing  with  the  literature  of  the  current  year^  will 
appear  in  1880.  All  those  engaged  in  zoological  work  on 
any  group  of  the  animal  kingdom,  are  invited  to  send  copies 
of  their  papers  to  Professor  J.  V.  Carus,  Leipzig,  Querstrasse 
SO,  and  to  write  on  the  address  **  For  the  Jdhreiberichty 
Papers  so  sent  will  be  distributed  by  Professor  Car  us  amongst 
the  recorders,  and  after  being  abstracted  for  the '  Record,*  will 
be  deposited  in  the  Library  of  the  Zoological  Station  at 
Naples. — Anton  Dohrn." 

Mr.  Bolton's  Agency  for  the  Supply  of  Kiorosoopio  Or- 
ganisms. — Mr.  Bolton^  of  17,  Ann  Street,  Birmingham,  has 
supplied  to  me  once  a  week  by  post,  during  the  past  year,  a 
tube  containing  in  a  living  state  new  or  interesting  forms  of 
Protozoa,  Entomostraca,  Botifera,  &c.  Every  naturalist 
within  a  day's  post  of  Birmingham  should  subscribe  a 
guinea  to  Mr.  Bolton's  agency,  and  ensure  the  weekly 
receipt  of  one  of  his  most  interesting  tubes.  Mr.  Bolton 
has  sent  out  during  the  past  year  most  of  the  more  impor- 
tant forms  of  Rotifera,  such  as  Hydatina  senia,  Lacintdaria 
socialise  Conochilus  colvox,  Meltcerta  and  CEcistes,  Stepha- 
noceras  and  Fhscularia^  &c.  One  form  sent  by  him,  viz.  the 
Rhinops  vitrea,  of  Dr.  Hudson,  is  especially  worthy  of 
mention.  Large  Amoebae  and  the  commoner  Ciliate  Infusoria 
have  been  supplied  by  Mr.  Bolton  in  abundance.  Amongst 
rarer  Ciliata  supplied  by  him  we  may  mention  IVachelius 
ovum  and  Zootkamnium  arbuscula.  The  work  which  Mr. 
Bolton  is  doing  is  not,  however,  limited  to  the  distribution 
of  forms  already  known ;  he  has  made  some  important  addi- 
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tions  to  the  British  Fauna,  for  which  he  deserves  the  wannest 
support  and  encouragement  of  zoologists.  About  three 
months  ago  I  received  from  him  a  tube  containing  speci- 
mens of  an  Entomostracon  which  he  was  unable  to  identify, 
rightly  considering  it  new  to  this  country.  The  form  proved 
to  be  the  beautiful  Leptodora  hycdina  of  Lilljeborg.  A  few 
days  later  another  tube  was  sent  by  him,  containing  a 
species  which  I  identified  as  the  Hyalodapknia  KahlbeT' 
gensis  of  Schodler.  These  two  very  fine  Entomostraca  were 
obtained  by  Mr.  Bolton  from  a  deep  reservoir  at  Olton. 
Besides  these  I  have  to  thank  Mr.  Bolton  for  the  new  Pro- 
tozoon  Lithamceha  discuSy  described  in  the  present  number 
of  the  Journal.  Last  autumn^  from  the  same  source^  I 
received  an  abundant  supply  of  one  of  those  very  interesting 
spiculate  Heliozoa^  which  my  colleague^  Mr.  Archer^  of 
Dublin^  was  the  first  to  make  known  to  zoologists.  The 
specimens  forwarded  by  Mr.  Bolton  proved  to  be  the  Itaphi- 
diophrys  pallida^  a  species  named  by  Prof.  F.  Eilhard 
Schulze,  and  assigned  by  him  to  Archei^s  genus, 

Mr.  Bolton  has  also  during  the  year  supplied  me  with 
the  finest  specimens  of  Hydra  fuaca  which  I  have  seen^ 
with  Vblvox,  Uroglena,  and  other  similar  forms.  A  few 
marine  organisms  have  been  distributed  by  him,  namely, 
the  interesting  disc-like  larvae  of  the  Polyzoon  Alcyonidium, 
and  the  delicate  polyp  Lucemaria  auricula. — ^E,  Bay 
Lankestbb. 


Digiti 


zed  by  Google 


Digiti 


zed  by  Google 


INDEX    TO    JOUENAL. 

VOL.  XIX,  NEW  SERIES. 


Bacteria  in  beetroofc  sugar,  116 

Balfour  (P.  M.),  on  the  early  develop- 
ment of  the  Lacertilia,  and  on  the 
nature  of  the  primitive  streak,  421 
„  on  Head  Kidney  in  chick,  1 
„  on  morphology  of  Spongida,  103 
„    on  FeripatuB  capensis,  431 

Blood,  microphytes  found  in,  by  T.  R. 
Lewis,  356 

Bolton  (Thomas),  his  agency  for  sup- 
ply of  microscopic  organisms,  492 

Brady  on  Reticularian  Rhizopoda  of 
the  Challenger,  20,  261 

Brain  of  the  coc£iroach,  by  E.  T 
Newton,  340 

Butschli  on  flagellate  Infusoria,  63 

CapitellidsB,  Eisig,  on,  115 

Carpenter  (P.  H.}*  on  apical  and  oral 
systems  of  Echinodermata,  176 

Cells  and  nuclei,  by  Klein,  126,  404 

Chlorophyll  in  Turbellarian  worms, 
434 

Cockroach,  brain  of,  by  E.  T.  New- 
ton, 340 

Dublin  Microscopical  Club,  120,  438 

Earthworm,  the  development  of  the, 
by  Nicolas  Kleinenberg,  206 

Echinodermata,  apical  and  oral  sys- 
tems of,  by  P.  H.  Carpenter,  176 


Flagellate  organisms  in  blood  of  rats, 

by  Timothy  Lewis,  109 
Flagellate  infusoria,  Butschli  on,  63 

Gibbes  on  Spermatozoa,  487 

Haliphysema,  the  structure  of,  by  E. 

Ray  Lankester,  473 
Head-kidney  in  the  embryo  chick,  by 

Balfour  and  Sedgwick,  1 

Klein,  on  nuclei  in  skin  of  newt,  and 
on  glandular  epithelium,  404 

Klein  on  the  structure  of  cells  and 
nuclei,  125,  404 

Kleinenberg  on  the  development  of 
the  Earthworm,  206 

Lacertilia,  early  development  of,  by 
F.  M.  Balfour,  421 

Lankester  (E.  Ray)   on  Lithamoeba 
discus,  nov.  gen.  et.  sp.,  484 
„    on   the  structure  of  Haliphy- 
sema, 479 

Lewis  on  Flagellate  organisms  in  the 
blood  of  healthy  rats,  109 

Lewis  (T.  R),  on  microphytes  found 
in  blood,  356 

„    on  the  nematoid  Hsematosoa  of 
man,  246 

Lithamoeba  discus,  by  E.  Ray  Lan- 
kester, 484 


Digiti 


zed  by  Google 


496 


INDEX. 


Marshall  (A.  Milnes)  on  the  mor- 
phology of  the  yertehrate  olfactory 
organ,  261 

Microphytes  found  in  blood,  by  T.  E. 
Lewis,  356 

Nematoid  Hsmatoxoa  of  man,  by  T. 

R.  Lewis,  245 
Newt,  early  development  of  the,  by 

Scott  and  Osborn,  449 

„    nuclei  in  skin  of,  by  £.  Klein, 

404 
Newton  (E.  T.)»  on  brain  of  cook- 

roach,  340 
Nuclei  in  skin  of  newt^  by  £.  Klein, 

404 

Olfactory  organ,  morphology  of  the 
vertebrate,  by  A.  MUnes  Marshall, 
261 


Osborn  and  Scott  on  the  early  devel- 
opment of  the  common  newt,  449 

Peripatus  capensis,  Balfour  on,  431 
Primitive  streak,  on  nature  of,  by  F. 

M.  Balfour,  421 
Protista,  a  new  genus  of,  437 

Record  of  zoological  literature,  493 
Reticularian  Rhizopda  of  Challenger, 
Brady  on,  20,  261 

Scott  and  Osborn   on  the  early  de- 
velopment of   the  common  newt, 
449 
Sedgwick  on  Head  Kidney  in  chick,  1 
Spermatozoa,  Gibbes  on,  487 
Spongida,  morphology  of,  by  Balfour, 
103 

Turbellarian  worms,  chlorophyll  in^ 
434 


PBINTBI)  BT  J.   I.   ADLABT),   BABTHOLOMBW  OLOBI. 


Digiti 


zed  by  Google 


Digiti 


zed  by  Google 


Serus  A 


k; 


V) 


i'X  J^a 


!      //. 


li:      //- 


/     / 


^v:  -J  il''^    .' , 


rr.-'i 


S(rL€^'    B 

'"*■---             _*'"'* 

',     ^ 

V--'  <' 

---    ."^ 

Iks    ■' 

V^^- 


■--  ft, 


\    '"—  --•    •- 

\\ 

:       '^^     ;  t 

.-.1'  '■ 

1    1     ,. 

i 

'6-;^ 


.\  I'i--     ^a 


/  i-.  ^cv 


•Mi) 


N  >.  X 


w  • 


y  M  BJfoijr  4.  A  Ssd^^wick.    id 


Digitized  by  VjOOQIC 


JOURNAL  OP  MICROSCOPICAL  SCIENCE. 


DESCRIPTION   OP  PLATES  I,  XL 

niustratiDg  Messrs,  Balfour  and  Sedgwick's  paper  **0n  the 
Existence  of  a  Head-Kidney  in  the  Embryo  Chick, 
and  on  Certain  Points  in  the  Development  of  the 
Mulierian  Duct/' 

Complete  List  of  Rbfbrbnce  Lettebs. 

no.  Aorta,  e.  v.  Cardinal  veia.  #/.  Glomerulus,  yrj.  First  groove  of 
liead-kidnej«  ^,.  Second  j^roove  of  head-kidney,  gr^.  Third  groove  of 
head-kidney,  g.e,  Germinal  epiibeiiam.  mr.k.  Malpighian  body.  ms. 
Mesentery,  m.  d.  Miillerian  duct.  r..  First  ridge  of  nead-kidney.  r,. 
Second  ridge  of  head-kidney,  r,.  Third  ridge  of  head-kidney.  W,  d. 
Wolffian  ducL    r.  Fold  in  germinal  epithelium. 

EXPLANATION  OF  PLATE  I. 

Series  A. — Sections  through  the  head -kidney  at  our  second  stage. 
Zeiss,  2,  ocul.  3  (reduced  one  third).  -  The  second  and  third  grooves  are 
represented  with  the  ridge  connecting  them,  and  the  rod  of  cells  running 
backwards  for  a  short  distance. 

No.  1. — Section  through  the  second  groove. 

No.  2. — Section  through  the  ridge  connecting  the  second  and  third 
grooves. 

No.  3. — Section  passing  through  the  same  ridge  at  a  point  nearer  the 
third  groove. 

Nos.  4,  5,  6. — Sections  through  the  third  groove. 

No.  7.—$ection  through  the  point  where  the  third  groove  passes  into 
the  solid  rod  of  cells. 

No.  8. — Section  through  the  rod  when  quite  separated  from  the  germinal 
epithelium. 

No.  9.  Section  very  near  the  t-ermination  of  the  rod. 

No.  10. — ^Last  section  in  which  any  trace  of  the  rod  is  seen. 

Seeies  B. — Sections  passing  through  the  head-kidney  at  our  third  stage. 
Zeiss,  c,  ocul.  2.  Our  figures  are  representations  of  the  following  sections 
of  the  series,  section  1  being  the  first  which  passes  through  the  anterior 
groove  of  the  head-kidney. 

No.    1   .       ,        .  Section 

»  *      •  •  •  »9 

„     3   .        .        .        „ 
w     4   •        •        •        » 

?>       6     .  •  •  n 

„        u     ,  •  •  }, 

9»        '      •  •  •  »» 

The  Miillerian  duct  extends  through  eleven  more  sections. 

The  first  groove  (s^i.)  extends  to  No.  3. 

The  second  groove  (J^r,  )  extends  from  No.  4  to  No.  7. 

The  third  groove  ((^5.)  extends  from  No.  11  to  No.  13. 

The  first  ndf[e  (fj.)  extends  from  No.  2  to  No.  5. 

The  second  ridge  (r^.)  extends  from  No.  8  to  No.  11. 

The  third  ridge  (r,.)  extends  from  No.  13  backwards  through  twelve 
sections,  when  it  terminates  by  a  pointed  extremity. 

Fio.  C. — Section  through  the  ridge  connecting  the  second  and  third 
grooves  of  the  head-kidney  of  an  embryo  slightly  younger  than  that  from 
which  Series  B.  was  taken.    Zeiss,  c,  ocul.  3  (reduced  one- third). 

The  fold  of  the  germinal  epithelium,  which  gives  rise  to  a  deep  groove 
(x.)  external  to  the  head-kidney  is  well  marked. 

Series  G. — Sections  through  the  rod  of  cells  constituting  the  termina- 
tion of  the  Mulierian  duct  at  a  stage  in  which  the  head-kidiiey  is  still 
present.    2iciss,  c,  ocul.  2. 


3. 

No.    8 

.    Section  13. 

4. 

,.      9 

.,       16. 

6. 

„    10 

„       16. 

6. 

„    11 

„       17. 

8. 

»    18 

„      18. 

.0. 

..13         . 

.         „       19. 

1. 
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EXPLANATION  OF  PLATE  II. 

Series  D. — Sections  chosen  at  intervals  from  a  complete  series  tra- 
versing the  peritoneal  opening  of  the  Miilleriun  duct,  the  remnaiit  of  the 
head-kidney,  and  the  termination  of  the  Miillerian  duct.  Zeiss,  c,  ocul.  5 
(reduced  one-third). 

Nos.  I  and  2. — Sections  through  the  persistent  anterior  opening  of  the 
head-kidney  (abdominal  opening  ot  Miillerian  duct).  The  approach  of  the 
Wolffian  duct  to  the  groove  may  be  seen  by  a  comparison  of  these  two 
figures.  In  the  sections  in  front  of  these  (not  figured)  the  two  are  much 
more  widely  separated  than  in  No.  1. 

No.  3. — Section  through  the  Miillerian  duct,  just  posterior  to  the  per- 
sistent opening. 

Nos.  4  and  5. — Remains  of  the  ridges,  which  at  an  earlier  stage  con- 
nected the  first  and  second  {grooves,  are  seen  passing  from  the  Miillerian 
duct  to  the  peritoneal  epithelium. 

No.  6. — Rudiment  of  the  second  groove  (^r,.)  of  the  head-kidney. 

Between  6  and  7  is  a  considerable  interval. 

No.  7* — All  traces  of  thid  groove  (^r,.)  have  vanished,  and  the  Miillerian 
duct  is  quite  disconnected  from  the  epithelium. 

No.  8. — Rudiment  of  the  third  groove  (^r,.). 

No.  9. — Miillerian  duct  quite  free  in  the  space  between  the  peritoneal 
epithelium  and  the  VTolffian  duct,  in  which  condition  it  extends  until  near 
its  termination. 

Between  Nos.  9  and  10  is  an  interval  of  eight  sections. 

No.  10. — ^The  penultimate  section,  in  which  the  Miillerian  duct  is  seen. 
A  lumen  cannot  be  clearly  made  out. 

No.  11. — ^The  last  section  in  which  any  trace  of  the  Miillerian  duct  is 
visible.  No  line  of  demarcation  can  be  seen  separating  the  solid  end  of  the 
Miillerian  duct  from  the  ventral  wall  of  the  Wolffian  duct. 

EiGS.  E.  and  F. — Sections  through  the  glomerulus  of  the  head -kidney 
from  an  embryo  prior  to  the  appearance  of  the  head  kidney.  Zeiss,  b, 
ocul.  2.  A  comparison  of  the  two  figures  shows  the  variation  m  the  thick- 
ness of  the  stalk  of  the  glomerulus.  E. — Section  anterior  to  the  foremost 
Malpighian  body.  F. — Section  througti  both  the  glomerulus  of  the  head- 
kidney  and  that  of  a  Malpighian  body.    The  two  are  seen  to  be  connected. 

Series  H.— Consecutive  sections  through  the  hind  end  of  the  Miillerian 
duct,  from  an  embryo  in  which  the  head-kidney  was  only  represented  by  a 
rudiment.  (The  embryo  was,  perphaps,  very  slightly  older  than  that  from 
which  Series  D  was  taken.)    Zeiss,  c,  ocul.  3  (reduced  one  third). 

No.  1. — Miillerian  duct  is  without  a  lumen,  aud  quite  distinct  from  the 
Wolffian  wall. 

No.  2. — The  solid  end  of  the  Miillerian  duct  is  no  longer  distinct  from 
the  internal  wall  of  the  Wolffian  duct. 

No.  3. — All  trace  of  the  Miillerian  duct  has  vanished. 

Series  1. — Sections  through  the  hinder  end  of  the  MUllerian  duct  from 
an  embryo  of  about  the  middle  o(  the  sixth  day.  Zeiss,  c,  ocul.  2  (reduced 
one  third). 

No.  1. — The  Miillerian  duct  is  distinct  and  small. 

No.  2. — Is  posterior  by  twelve  sections  to  No.  1.  The  Miillerian  duct 
is  dilated,  and  its  cells  are  vacuolated. 

No.  3. — Penultimate  section,  in  which  the  Miillerian  duct  is  visible ;  it 
is  separated  by  three  sections  from  No.  2. 

No.  4. — Last  section  in  which  any  trace  of  the  Miillerian  duct  is  visible ; 
the  lumen,  which  was  visible  in  the  previous  section,  is  now  absent. 

No.  5. — No  trace  of  Miillerian  duct  Nos.  3,  4,  and  5,  are  consecutive 
sectious. 

FiG.  K. — Seel  ion  through  the  hind  end  of  the  abdominal  opening  of  the 
Miillerian  duct  of  a  chick  of  123  hours.  Zeiss,  c,  ocul.  2  (reduced  one- 
third).  It  illustrates  the  peculiar  cord  connecting  the  Miillerian  aud  Wolffian 
ducts. 
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JOURNAL  OF  MICROSCOPICAL  SCIENCE. 


EXPLANATION  OF  PLATES  III,  IV,  &  V, 

Illustrating  Mr.  Henry  B.  Brady's  "  Notes  on  some  of  the 
Beticularian  Rhizopoda  of  the  'Challenger'  Expedition." 

PLATE  ni. 

Figs.  1,  2. — Pelosina  variabilis,  n.  sp.     Magnified  9  diameters. 

Fig.  3. — Sectioii  of  the  same  showing  the  thickness  and  texture  of  the 
test.     X  9  diam. 

Fig.  4. — Pelosina  rotunu'aia,  n.  sp.     x  20  diam. 

Fig.  5. — ^Transverse  section  of  the  same  showing  the  interior  and  the 
thickness  and  texture  of  the  test.     X  15  diam. 

Figs.  6,  7. — Aschemonella  seabra,  nov.     x  14  diam» 

Fig.  8. — Marsipella  granulosa,  n.  sp.     X  12  diam. 

Fig.  9. — Specimen  of  the  same  species  laid  open  longitudinally  to  show 
the  interior  and  the  texture  of  the  test,     x  15  aiam. 

Fig.  10. — Rhabdamniina  linearis,  n.  sp.     X  20  diam. 

Fig.  11. — ^The  same  laid  open  longitudinally.     X  20  diam. 

Fig  12. — Jaculella  aeula,  nov.     x  9  diam. 

Fig.  13. — ^The  same  laid  open ;  specimen  slightly  broken,  at  the  ends  in 
grinding.     X  9  diam. 

Figs.  14^  15. — Byperammina  ramosa,  n.  sp.     x  16  diam. 

PLATE  IV. 

Fig.  1,—Psammosphara/ttsca,  F.  E.  Schulte.    Magnified  40  diameters. 

Fig.  2. — The  same;  specimen  built  on  a  sponge  spicule,  laid  open  so  as 
to  show  the  interior.     X  50  diam. 

Fig.  3. — Reopkax  difflugiformis,  n.  sp.     X  50  diam. 

FiG.  4. — Hormosina  globulifera,  n.  sp.  Specimen  arrested  in  growth 
after  the  formation  of  a  single  lar^e  chamber,     x  20  diam. 

Fig.  5. — ^The  same;  with  two  chambers.  Large  specimens  with  four  or 
^Nt  segments  are  not  uncommon.     X  20  diam. 

Fig.  6. — Hormosina  ovicula,  n.  sp.     X  12  diam. 

Fig.  7. — Reopkax  nodulosa,  n.  sp.     x  12  diam. 

Fig.  8. — The  same  laid  open  to  show  the  interior  structure.     X  12  diam. 

Fig.  9. — Reopkax  membranaeea,  n.  sp.     X  40  diam. 

Figs.  10,  11. — Reopkax  spiculifera,  n.  sp.     x  40  diam. 

Figs.  12,  13. — Astrorhiza  catenaia,  Norman,     x  25  diam. 

Fig.  14. — Astrorhiza  eornuta,  n.  sp.     X  20  diam. 

Fig.  15. — The  same,     x  15  diam. 

Fio.  16. — Rkizammina  algaformis.  nov.     Natural  size. 
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EXPLA.NAT10N  OF  PLA.TE  U— continued. 

Fig.  17. — ^Portion  of  the  same  more  highly  magnified,     x  40  diam. 
Fig.  18. — Sorosphcsra  eonfusa^  nov.     X  15  diam. 
Fig.  19. — Worn  and  broken  specimen  of  the  same  showing  the  interior 
of  some  of  the  chambers,     x  15  diam. 


PLATE  V. 

Fig.  1. — SageneUa  frondetcens,  nov.    Magnified  10  diameters. 

Fig.  2. — Plaeopnlina  vesieularis,  n.  sp.     x  10  diam. 

Fig.  3. — ffyperammina  varans,  n.  sp.     X  15  diam. 

Figs.  4 — 8. — Tkurammina  papillata,  n.  sp.  4,  common  form ;  5,  adherent 
specimen;  6,  specimen  with  a  portion  of  the  test  removed,  showing  a 
primordial  chamber  in  the  interior;  7,  primordial  chamber  of  auotner 
specimen ;  8,  specimen  consisting  of  several  segments.     X  BO  diam. 

Fig.  9. — Tkurammina  eompresia,  n.  sp.  a,  lateral  aspect;  6,  peripheral 
aspect.     X  50  diam. 

Fig.  10, '^Troehammina  irullissaia,  n.  sp.  a,  lateral  aspect ;  b,  peri- 
pheral aspect.     X  30  diam. 

Fig.  11. — Section  of  the  same  showing  the  reticulate  interior  surface. 

Fig.  13. — Troehammina  Hngent,  n.  sp.  a^  lateral  aspect ;  b,  peripheral 
aspect.    30  diam. 

Figs.  13, 14. — Trochammtna  paueiloculaia,  n.  sp.     x  50  diam. 

Fig.  15. — Troehammina  eoronata^  n.  sp.     X  20  diam. 

Fig.  16. — Troehammina  lUui/ormiSy  n.  sp.     x  18  diam. 
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JOURNAL'  OF   MICROSCOPICAL  SCIENCE. 


DESCRIPTION  OF  PLATE  VI, 

IlIustratiDg  Professor  Biitschli^s  ^'Researches  on  Flagellate 
Infusoria  and  Allied  Organisms/' 

Throughout  the  figures,  n  indicates  nucleus,  v  contractile  vacuole,  and 
ce  oesophagus. 

Fio.  l.^^pumella  iermo  (Ehrb.]),  Clark. 

a  to  0,  an  individual  in  different  stages  of  the  ingestion  of 
food. 
Fio.  2. — Spumella  iermo,  in  five  successive  stages  of  transverse  division. 
Fio.  3. — Spumella  truncata,  Fresenius. 
Fig.  4. — Chromulina  oekracea,  Ehrb. 

a,  b.  two  individuals  seen  from  the  flat  side,  the  flagellum  not 

plainlv  observed  and  therefore  not  drawn, 
c,  an  individual  seen  from  the  narrow  side. 
Fio.  5. — ^Flagellate-like  organism  from  the  alimentary  canal  of  a  free- 
living  nematoid  (lVi7odfM/^//K{?f</M,  Bast.) .    ^    , 

a,  a  large  number  of  individuals  sticking  together  by  their 
hinder  ends. 

b,  a  single  individual. 

Fio.  6. — Anlophyta  veaetansy  0.  F.  MiUler^  .    ,    ,      . 

ai,  terminal  branch  of  the  stem  with  a  colony, 
b,  an  individual  in  the  act  of  division. 

Fio.  7. — CodoHga  boiryiU  (Ehrb.),  Frescnius. 

a,  a  colony. 

b,  a  single  individual. 

c,  a  single  individual  with  its  collar  expanded. 

d,  the  same  with  its  coUar  contracted. 

e,  an  individual  externally  beset  with  BactetiA. 
Fio.  8. — Salpingceea  gracilUt  Clark  (P).     - ' 

Fio.  9. — Salpingceea  amphoridium,  Clark  (?). 
Fio.  10. — Salpingceea  Clarkiiy  n.  sp. 
Fio.  11. — Salpingoeca-like  organism  (see  p.  75). 
Fio.  Vi,-^Bicotceea  laeustris,  Clark  (P). 

a,  a  colony. 

b,  two  cups,  of  which  only  the  upper  contains  an  animal,  and 
that  in  a  retracted  state. 

c,  an  individual. 

d,  the  same  turned  half  round. 
Fio.  13. — Dinobrgon  sertularia,  Ehrb. 

a,  a  colony. 

b,  a  cup  containing  two  animals  resulting  from  division,  of 
which  the  anterior  will  immediately  secrete  a  new  cup. 

c,  a  cyst. 
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DESCRIPTION  OF  PLATE  Yl-^CorUinued. 

Fig.  14. — Trepomonat  agilU,  Dujardin. 

a,  an  individual  seen  from  in  front  in  the  direction  of  the 
lon^  axis. 

b,  an  individual  seen  from  the  narrow  side. 

c,  an  individual  seen  from  the  broad  side.  The  arrows  indicate 
the  direction  of  the  protoplasm- circulation  which  is,  how- 
ever, often  reversed. 

Fig.  15. — Hexamitus  inflatus^  Dujardin. 
Fig.  10. — Pyramimonas  descissa,  Perty. 
Fig.  17. — Chilomonat  Paramecium,  Ehrb. 

a,  larj^e  variety  with  two  yellowish-brown  pigment  plates. 

b,  hinder  end  of  the  same  when  turned  half  round  on  its  loni^ 
axis,  so  as  to  show  the  slightly  separated  margins  of  the 
two  pigment  plates. 

c  to  g,  colourless  variety  found  in  infusions, 
d  to  f,  three  stages  in  longitudinal  fission, 
g,  an  individual  after  treatment  with  acetic  acid. 
Fig.  18. — Jslasia  trichophora^  Ehrb. 

a,  an  individual. 

b,  anterior  end  of  an  individual  in  the  act  of  taking  food. 
Fig.  19. — AnUonema  acinus,  Duiardin. 

a,  seen  from  the  back  surface. 

b,  outline  of  the  body  as  seen  from  the  narrow  side. 

c,  another  individual  less  magnified,  seen  from  the  back  sur- 
face. 

Fig.  20. — Anisonema  sulcatum,  Duj. 

a,  an  individual  seen  from  the  back-surface. 

b,  c,  d,  three  stages  of  longitudinal  fission. 

e,  f,  two  stages  of  fission  only  drawn  in  outline  to  show  the 
nucleus  as  seen  in  an  acetic  acid  preparation. 
Fig.  21. — Lophomonas,  Stein. 

a,  b,  Lophomonas  Blatiarum,  Sfein. 

c,  d,  lA>phomonas  siriata,  Biitschli. 
Fig.  22. — Uvelta  virescens,  Ehrb. 

a,  a  small  colon;f ;  x,  a  Chlorogonium-like  frequent  parasite 
of  these  colonies. 

b,  c,  individuals  coloured  by  carmine  so  as  to  show  the  nucleus 
distinctly. 

d,  an  individual  in  the  act  of  fission. 

Fig.  23. — Uroglena  volvox,  Ehrb.    A  group  of  ^^^  individuals  taken  from 
a  colony,  amongst  them  a  large  one. 
Fig  24.— Unknown  flagellate  (see  p.  99). 

a,  flagellate  phase. 

b,  nuclearia-like  Rhizopodons  phase. 

Fig.  25.— Flagellum-bearing  peculiar/hisopod-like organism  (seep.  100). 

a,  creeping  phase. 

b,  swimming  phase. 
Fig.  26. — Amaba  Blaita,  n.  sp. 

a,  a  medium-sized,  nninndear,  very  clearly  fibriUated  speci- 
men. 

b,  nucleus  of  a  large  uninuclear  sf>ecimen;  A,ca8e  of  the  nucleus. 

c,  portion  of  a  similar  nucleus  with  a  peculiar  prolongation. 

d,  multinuclear  cyst  belonging  to  this  species. 
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JOURNAL    OP    MICROSCOPICAL  SCIENCE. 


EXPLANATION  OF  PLATE  VII, 

Illustrating  Dr.  Klein's  *'  Observations  on  the  Structure 
of  Cells  and  Nuclei/' 

Fig.  1. — Epithelium  covering  the  surface  of  a  villus,  from  a  section  through 
small  intestine  of  pig. 

Fig.  2. — Epithelium  lining  a  Lieberkiihn's  crjpt  of  large  intestine  of  pig. 

Fig.  3. — Goblet  cells  of  a  Lieberkiihn's  crjpt  of  large  intestine  of  pig ; 
a,  as  viewed  from  the  surface ;  b,  as  viewed  from  the  side. 

Fig.  4. — ^Epithelium  lining  the  tube  of  a  mucous  gland  of  tongue  of  dog. 

Fig.  5. — Part  of  a  tube  of  mucous  gland  of  epiglottis  of  a  child ;  at  a, 
the  epithelial  cells  are  in  state  of  secretion ;  at  b,  in  a  state  of  rest. 

Fig.  6. — ^Epithelium  lining  a  tube  of  Brunner^s  gland  of  duodenum  of 
dog.    The  epithelial  cells  after  prolonged  secretion. 

Fig.  7. — Epithelium  of  Brunner's  gland  of  dog  in  a  state  of  secretion. 

Fig.  8. — ^Tne  same  epithelium  viewed  from  the  surface. 

Fig.  9. — ^Part  of  a  tuoe  of  the  epididymis  of  full-grown  do^.  a,  ciliated 
epithelium ;  in  the  depth  is  seen  a  row  of  deeply-stained  nuclei  belonging  to 
a  layer  of  small  cells ;  d,  muscular  coat. 

Fig.  10. — ^Two  epithelial  cells  of  the  same  organ  more  highly  magnified. 

Fi(J*.  11. — Part  of  a  longitudinal  section  of  the  tube  of  a  aweat-gland  of 
ear-lobe  of  pig.  a^  epithelial  lining;  b^  muscular  coat;  e,  membrana 
propria. 

Fig.  12. — Section  through  the  tube  of  a  mucous  gland  of  pharynx  of 
dog;  Cf  mucous  cells  lining  the  lumen ^  p,  parietal  cells.  The  details  of 
structure  of  the  individual  cells  in  this  and  the  next  fig.  (13)  are  not 
carried  out ;  they  are  identical  with  those  shown  in  fig.  17. 

Fig.  13. — ^From  a  section  through  submaxillary  gland  of  dog.  c,  mucous 
cells ;  p,  parietal  cells. 

Fig.  14  A. — Interstitial  epithelial  cells — so-called  plasma-cells — of  testis 
of  full-grown  cat. 

Fig.  14  b.— Same  elements  of  testis  of  guinea-pig. 

Fig.  15  a. — ^Epithelial  cells  lining  a  seminal  tube  of  testis  of  cat. 

Fig.  15  b. — Same  elements  of  testis  of  guinea-pig. 

Fig.  16. — ^Part  of  sebaceous  gland  of  skin  of  sheep,  a,  peripheral  epi- 
thelial cells ;  b,  central  ones. 

Fig.  17. — ^Part  of  the  tube  of  a  peptic  gland  of  dog.  The  tube  is  cut 
slightly  obliquely,    c,  chief  cells ;  «,  parietal  cells. 

Fig.  18  a. — ^Epithelial  cells  of  tne  middle  layers  of  epithelium  lining  the 
oesophagus  of  a  child.  The  connection  of  the  network  of  contiguous  cells 
should  be  more  distinct. 

Fig.  18  b. — Same  elements  more  highly  magnified,  but  only  the  nuclei 
are  represented  in  detail. 

Fig.  19. — ^Epithelial  cells  of  the  rete  Malpighii  of  skin  of  sheep. 

Fig.  20. — ^Liver  cells  of  guinea-pig. 

Figs.  1,  3,  and  10  drawn  with  Hartnack's  Ocul.  II,  Obj.  Immersion  10, 
Figs.  14  a  and  18  b,  Hartnack  III,  10  Im.  The  other  ffgures  are  drawn 
with  Hartnack's  Ocul.  II,  Zeiss'  Obj.  F. 
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JOURNAL  OF  MICROSCOPICAL  SCIENCE. 


EXPLANATION   OF  PLATES  IX,  X,  XI, 

Illii8tratiDg  Nikolas  Kleinenberg^s  paper  on  the  Develop- 
ment  of  the  Earth-worm,  Lumbricus  trapezoides, 
Dug^. 

The  referenoes  are  the  same  in  all  the  figures. 

04,  Aperture  of  the  segmentation  cavity.  cb.  Buccal  cavity.  ee. 
(jeueral  body  cavity  or  cavity  of  the  zoonites.  cd.  Digestive  cavity. 
em.  The  large  primitive  cells  of  the  mesoderm  (mesoblasts).  com, 
(Commissure  ot  the  oesophageal  collar.  es.  Segmentation  cavity. 
r  '^  *  -ewr  Cord  uniting  the  twin  embryos,  or  its  single  cells.  ec.  Ectoderm. 
en.  Endoderm.  eo.  Ectodermic  epithelium  of  the  mouth  and  of  the 
OBsophagus.  ffc.  Cephalic  ganglion,  ho.  Somatic  lamina.  Itp, 
Splanchnic  lamina.  m.  lluade  plate.  mei.  Mesoderm.  n, 
ventral  nerve-cord.  pc.  Cephalic  germinal  streak.  pp.  Primi- 
tive ventral  germinal  streak.        sn.  Ventral  fiirrow. 

PLATE  DL 

Fio.  1.— Segmented  egg,  seen  from  above. 

Fio.  2. — Germinal  bladder  formed  of  a  single  layer  of  cells.  The  segmen- 
tation cavity  opens  externally.  Figs.  1  and  3,  Zeiss'  objective  BD, 
ocular  3. 

Fio.  S.^Solid  germinal  sphere,  in  which  the  rudiments  of  the  layers  for  the 
first  embryo  are  visible. 

Fig.  4.— a  rather  later  sta^,  in  which  the  formation  of  the  second  embryo 
has  begun.    Longitudinal  section. 

Fig.  6. — ^Longitudinal  section  of  a  more  developed  stage. 

Fig.  6. — ^Twin-embryos.  The  one  on  the  right  hand  is  rather  the  more 
developed. 

Fig.  7. — Embryos  nearer  the  period  of  separation. 

Fig.  8. — ^Longitudinal  section  of  a  double  embryo,  in  profile. 

Fig.  9. — ^Longitudinal  horizontal  section  of  the  same. 

Fig.  10. — ^Advanced  embryo  developing  the  second  embryo  in  the  form  of 
abud(X). 

N.fi.  Figs.  2  to  10  represent  optical  sections. 

Fig  11a.— Transverse  section  of  the   posterior  end  of  a  very  young 

embryo. 
Fig.  11^. — ^From  the  same  embryo  more  in  front. 
Fig.  13.— Transverse  section  of  the  posterior  part  of  a  more  developed 

embryo. 
Fig.  13.— Section  through  the  mid()le  of  the  body  of  a  more  advanced 

embryo.  /.  Fissure  in  the  mesoderm. 
Figs.  3  to  13.  Zeiss'  obj.  F,  ocul.  1. 

Fig.  14.— The  lower  part  of  a  section  of  the  anterior  ei^trentity  of  a  more 
developed  embryo.    Obj.  DD,  ocul.  3, 
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EXPLANATION  OP  PLATE  VIII, 

Illustrating  Mr.  Henrj  B.  Brady's  **  Notes  on  some  of  the 
Reticularian  Rhizopoda  of  the  'Challenger'  Expedition/' 

Figs.  1,  i.-^Nubeeularia  iibia^  J.  and  P.     x  30  diameiera. 
Eios.  3«  ^,^'Daefylopora  erueuy  P.  and  J.     x  50  diam. 
Fio.  S,^^Fr(mdieularia  spathtlaia^  no?,     x  30  diam. 

0,  lateral  aspect ;  b^  end  Tiew. 
Fio.  6. — Fnmdieularia  eompia,  no?,     x  50  diam. 
Fig.  Jj^FlabeUina  euneata  (?on  Monster),     x  50  diam. 
Pies.  8,  9.--Fla6ellinaJbliacea,  no?,     x  50  diam. 
Fio.  10.—        —  —      —      X  35  diam. 

Fio.  Wj^CkUoitomella  ovddea,  Reoss.     x  40  diam. 

Of  lateral  aspect ;  b,  end  view. 
Fig.  13.— Broken  specimen,  showing  internal  structure,    x  40  diam. 
Figs.  13,  \^,-^MlmarpMna  irigona^  Reuss.     x  60  diam. 
Figs.  15, 16. — Uvigerina  porreeiOt  nov.     x  55  diam. 
Figs.  17,  \%,-'Uvigerina  {ntemtpta,  nov.     x  55  diam. 
Figs.  19— 31.— &^tm0  virgula,  no?,     x  65  diam. 
Figs.  33— >34.— vSii^Via  divaricdta,  no?,     x  66  diam. 
Fig.  ftS.'^pirillina  inaquaUi,  no?,     x  75  diam. 

a,  lateral ;  b,  periphero-lateral  aspect. 
Fig.  i^.^^S^Uma  limbata,  no?,     x  60  diam. 

0,  lateral ;  b,  periphero-lateral  aspect. 
Fig.  V! j^'l^pirilUna  obamka^  no?,     x  60  diam. 

a,  lateral ;  b,  periphero-lateral  aspect. 
Fig.  2S.^iSpmlliMa  iubereulata,  Brady.  -  x  40  diam. 

a  and  b^  upper  and  lower  surfaces. 
Figs.  39,  ZO.^PavomnaJlabeUi/omiit  d'Orb.     x  50  diam. 
Fig.  31. — PlanorbuUna  eckinaia,  no?,     x  60  diam. 
Figs.  33,  33.— i2^M»/Mii  globulifira,  no?,     x  30  diam. 
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DESCRIPTION  OF  PLATES  XIII,  XIV. 

Illustrating    Dr.    Milnes    MarshalPs   Paper   on   the 
'*  Morphology  of  the  Vertebrate  Olfactory  Organ/' 

Each  figure  haa  been  drawn  from  a  single  section  by  the  aid  of  a 
Hartnack  camera.  The  numbers  attached  indicate,  in  diameters,  the  ma^- 
nifjing  power  employed  in  each  case.  The  maioritj  of  the  figures  are  ofa 
semi-diagrammatical  nature,  the  mesoblast  being  in  nearly  all  cases 
omitted  for  the  sake  of  clearness;  the  outlines  are,  however,  strictly 
accurate  in  all  cases.  Figures  21,  22,  27,  and  28  are  drawn  from  sections 
kindly  lent  me  for  the  purpose  by  Mr.  Balfour ;  the  rest  are  from  speci- 
mens of  my  own  preparation. 

Alphabetical  List  of  Refbbences. 
aL  Alimentary  canal.  al\  Anterior  prolongation  of  alimentary  canal. 
aor.  Dorsal  aorta.  a.  r.  Anterior  root  of  a  spmal  nerve.  and.  Audi- 
tory vesicle.  b,  a.  Branchial  artery.  br»  1.  First  branchial  arch. 
br,  2.  Second  branchial  arch.  r.  h.  cerebral  hemisphere.  ^.  b,  fore- 
brain.  g.  gill.  h,  2.  Second  head-cavity.  h .  L  Hindbrain.  hy, 
Hyoid  arch.  inf»  Infundibulum.  /.  c.  Lachrymal  cleft.  m,  b. 
Midbrain.  Mn,  Mandibular  arch.  m,  p.  Muscle  pUte.  Ma,  Maxil- 
lary arch.  «.  Notochord.  o.  c.  Optio  cup  or  eye.  olf.  Olfactory 
pit.  oL  V.  Olfactory  vesicle  or  lobe.  r. »'.  Inferior  rectus  muscle. 
r.  s,  Superior  rectus  muscle.  Sch,  Schneiderian  folds.  sp.  Spinal 
cord.  tr.  Trabecules  cranii.  v.  e.  Visceral  cleft.  I.  Olfactory 
nerve.  II.  Optic  nerve.  III.  Third  or  oculomotor  nerve.  V. 
Trigeminal  nerve.  V  a*  Ophthalmic  branch  of  the  trigeminal  nerve,  or 
ramus  ophthalmicus  profundus.  Y  3.  Inferior  maxillary  branch  of  the 
trigeminal  nerve.  Vll.  Facial  nerve.  VII  a.  Ophthalmic  branch  of 
the  facial  nerve,or  ramus  ophthalmicus  superficialis.  VIII.  Auditory  nerve. 
IX.  Qlossopharyngeal  nerve.        X.  Vagus  or  pneumogastric  nerve. 

Fig.  I. — ^Longitudinal  and  horizontal  section  through  the  head  of  a 
fifty-four  hours'  chick  embryo,  showing  early  stage  in  the  formation  of  the 
olfactory  pits,  abo  the  visceral  clefts  with  their  communication  with  the 
exterior.    Picric  acid,     x  35  diameters. 

Fig.  2. — Longitudinal  and  vertical  section  through  the  fore  part  of  the 
head  of  a  sixty-four  hours'  chick  embryo,  showing  olfactory  nerve  and  pit. 
Picric  acid,     x  27  diam. 

Fig.  3. — ^Longitudinal  and  vertical  section  through  the  head  of  a  sixty- 
seven  hours]  chick  emb^o,  showing  the  olfactory  pit,  the  maxillary,  man- 
dibular, hyoidean,  and  first  three  oranchial  arches,  with  the  intervening 
clefts.    Picric  acid,     x  20  diam. 

Figs.  4— 6. — ^Longitudinal  and  vertical  sections  through  the  head  of  a 
ninety-six  hours'  chick.    Picric  acid,     x  15  diam. 

Fig.  4.— The  most  superficial  of  the  series ;  shows  the  maxillary,  mandi- 
bular and  hyoidean  arches,  with  their  intervening  clefts,  and  the  tngeminal, 
facial,  and  auditory  nerves. 
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EXPLANATION  OF  PLATES  IX,  X,  U^-coniiimd. 

PLATE  X. 
Fig.  15.— Transrene  section  of  the  bead  end  of  a  very  yoong  embryo. 
Fio.  IGo.— Tbe  same  of  an  embryo  0*2  mm.  in  length. 
Fio.  163. — Section  immediately  behind  16a. 

Fio.  17.— Section  of  the  head  end  of  a  rather  more  deyeloped  embryo. 
Fio.  18.— Section  of  the  head  end  of  an  embryo  0*23  mm.  in  length. 
Figs.  15  to  18.    Obj.  DD,  ocni.  3. 

Fio.  19  a,  b,  6,  d. — Saooessiye  sections  of  the  head  of  an  embryo  0*5  mm. 
in  length.    Obj.  DD,  ocul.  1. 

Fio.  20  a,  6,  e. — Sucoesive  sections  of  the  head  of  an  embryo  04  mm.  in 
length.    Obj.  DD,  ocul.  3. 

Fig.  21  a,  b,  e. — ^Lon^tudinal  horizontal  sections  of  the  head  end  of  an 
embryo  0*6  mm.  in  lenffth,  going  from  the  yentral  to  the  dorsal  face. 
a  is  the  fifth,  b  the  sixth,  e  the  ninth,  and  e  the  tenth  of  the  series. 
Obj.  DD,  ocnl.  1. 

Fig.  22. — Longitudinal  vertical  (sagittal)  section  thronffh  the  middle  of  the 
anterior  part  of  an  embryo  0*22  mm.  in  length.    Obj.  DD,  ocnL  3. 

Fig.  23. — ^Anterior  portion  of  a  longitudinal  vertical  (sagittal)  section  of 
an  embryo  0*6  mm.  in  length.    Obj.  DD,  ocnl.  3. 

Fig.  24.— Vertical  section  in  the  median  line  of  an  embryo  more  than  a 
milimMre  in  length.    Obj.  DD,  ocul.  1. 


PLATE  XI. 

Fig.  25  «,  b,  e. — ^Three  snooessiye  sections  through  the  posterior  part  of 
the  medollaiy  plate  of  an  embryo  3*0  mm.  m  length,  going  from 
behind  forwards. 

Fig.  26  a,  b,  e. — Successive  sections  in  the  same  direo^on,  from  the  an* 
tenor  part  of  the  same  embryo. 

Fig.  27  a,  3,  «,  i,  e, — Sucoessiye  sections  in  the  same  direction,  from  an 
embryo  of  4*5  mm.  in  length.  All  the  figures  in  this  plate  were  drawn 
with  obj.  DD,  ocuL  3,  Zeiss. 
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DESCRIPTION  OP  PLATE  XII, 

Illustrating  Surgeon  T.  R.  Lewises  paper  on  *'  The  Nema- 
toid  Hsematozoa  of  Man,^'  Figs.  1 — 18.  The  mature 
Fllaria  sanffuinis-hominis,  ^  and  $  ,  and  some  of  the 
developmental  stages  of  the  Embryos. 

Fig.  1. — ^Anterior  portion  of  mature  helmioth.    Magnified  100  diam. 

Fig.  2.  —Middle  portion  of  parasite  showing  alimentary  canal ;  and  the 
uterine  tubules  filled  with  ova.     x  100  diam. 

Fig.  3. — 0?a  and  embryos,     x  300  diam. 

Fig.  4. — A  portion  of  the  male  worm,  with  alimentary  and  sperm  tubules 
escaping  at  one  of  the  torn  ends,     x  100  diam. 

Fig.  5. — ^Embryo  recently  ingested  by  a  mosquito,     x  300  diam. 

Figs.  6,  7. — ^Early  changes  undergone  by  the  embryos  in  the  mosquito. 

Fig.  8.— P 

Fig.  9.— More  advanced  stage  of  the  development  of  the  embryo. 
X  300  diam. 

Fig.  10. — The  "  sausage-form  *'  stage  of  development  of  the  embryos. 
X  300  diam. 

Fig.  11. — ^The  embryos  acquire  more  worm-like  proportions,  x  100  diam. 

Fig.  12. — A  still  further  advanced  stage :  the  alimentary  canal  distin- 
guishable.    X  100  diam. 

Fig.  13.— Ditto :  more  highly  magnified  (300  diameters).  The  re-agent 
applied  has  caused  the  contents  of  the  caudal  end  to  contract. 
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EXPLANATION  OF  PLATES  XIII,  XJN -^Continued. 

Fio.  5  shows,  in  addition,  the  olfactory  pit  and  the  distal  end  of  the 
olfactory  nerre. 

Fig.  o  shows  the  third,  glossopharyngeal  and  va^  nerves. 

Figs.  7  and  8. — ^Longitudinal  and  vertical  sections  through  the  cerebral 
hemispheres  and  nasal  region  of  a  six-day  ohiek  embryo.  Picric  acid. 
X  15  diam. 

Fig.  7  shows  whole  length  of  olfactory  nerve. 

Fig.  8  shows  ganglion  at  root  of  origin  of  olfactory  nerve,  also  internal 
pro|ection  of  hemisphere  at  this  point. 

Fig.  9. — ^Longitudinal  and  vertical  section  through  the  nasal  region  of  a 
seven-day  chick  embryo,  showing  whole  length  of  olfactory  nerve,  and  com- 
mencing rudiment  of  olfactory  looe.    Picric  acid,     x  16  diam. 

Fig.  10. — ^About  half  of  a  transverse  section  through  the  forebrain  of  a 
four-day  duck  embryo,  showing  the  olfactory  nerve  and  pit.  Picric  acid. 
X  56  diam. 

Figs.  11  and  13. — ^Tranverse  sections  through  the  anterior  part  of  the 
head  of  an  eighty-hours'  chick  embryo,  passing  through  the  cerebnd  hemi- 
spheres, and  the  olfactory  pits  and  nerves.    Picric  acid,     x  27  diam. 

Fig.  11  shows  on  left  side  the  ori^  of  the  olfactonr  nerve. 

Fig.  12  shows  on  right  side  the  distal  end  of  the  olfactory  nerve. 

Fig.  13. — ^Longitudinal  and  horizontal  section  through  the  head  of  a 
dogfish  embryo  of  stage  k,  showing  early  stage  in  development  of  the 
olfactory  pits.    Chromic  and  osmic  acids,     x  20  diam. 

Fig.  14. — ^Transverse  section  through  the  anterior  extremity  of  the  head 
of  a  dogfish  embryo  of  sta^  k,  showing  the  forebrain,  the  olfactory  pits  and 
nerves.    Chromic  and  osmic  acids,     x  20  diam. 

Fig.  15. — Longitudinal  and  vertical  section  through  the  head  of  a  dogfish 
embryo  of  stage  h,  showing  the  olfactory  pit  ana  nerve.  Chromic  and 
osmic  acids,     x  20  diam. 

Fig.  16. — ^Longitudinal  and  vertical  section  through  the  head  of  a  dogfish 
embryo  of  stage  m,  showing  the  olfactonr  pit,  the  mandibular,  hyoid  and 
branchial  arches.    Chromic  and  osmic  acids,     x  20  diam. 

Figs.  17  and  18. — Longitudinal  and  vertical  sections  through  the  head 
of  a  dogfish  embryo  of  stage  o.    Chromic  and  osmic  acids,     x  20  diam. 

Fig.  17  shows  olfactory  pit  and  nerve. 

Fig.  18  shows  olfactory  pit,  with  Schneiderian  fold,  olfactory  nerve,  fore- 
brain, hyoid  and  branchial  arches. 

Fig.  19. — ^Transverse  section  through  the  forebrain  of  a  dogfish  embryo 
of  stage  M,  showing  olfactory  pits  and  nerves,  with  absence  of  olfactory 
lobes.    Chromic  and  osmic  acids,     x  27  diam. 

Fig.  20. — ^Transverse  section  through  the  same  region  as  in  the  preceding 
figure,  but  in  a  dogfish  embrjro  at  the  commencement  of  stage  o :  shows 
olfactory  pits  with  Schneiderian  folds,  olfactoij  nerve,  and  commencing 
olfactory  lobe.    Chromic  and  osmic  acids,     x  27  diam. 

Fig.  21. — ^Transverse  section  through  the  forepart  of  the  head  of  a  dogfish 
embryo  at  a  stage  intermediate  between  o  and  f,  showing  the  forebrain, 
the  olfactory  pits,  and  on  the  left  side  the  olfactory  nerve  and  olfactory 
lobe.     X  17.  diam. 

Fig.  22. — ^Transverse  section  through  the  forepart  of  the  head  of  a  dog- 
fish embryo  of  stage  a,  showing  the  cerebral  hemispheres,  olfactory  lobes, 
olfactory  nerves,  and  olfactory  pits  with  their  Schneiderian  folds,  x  9 
diam. 

Figs.  23 — 26.— Sections  through  a  dogfish  embryo  of  stage  n,  showiii^ 
the  resemblances  between  the  guls  and  the  Schneiderian  folds.  Chromic 
and  osmic  acids. 
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EXPLANATION  OF  PLATES  till,  tTf --Continued. 

Fig.  23.— Lon^tadinal  and  horizontal  section  through  the  head,  showing 
fore-  and  hindbrain,  third  and  trigeminal  nerves,  eyes  and  olfactory  pits. 
X  20  diam. 

Fig.  24. — ^Transverse  section  through  forepart  of  body,  showing  spinal 
cord,  with  anterior  and  posterior  roots  of  a  spinal  nerve,  vagus  nerve, 
cardiac  and  dorsal  aorta,  branchial  arteries,  pharynx  and  gills,     x  20  diam. 

Fig.  25. — The  right  olfactory  organ  from  the  same  section  as  fig.  23 
more  highly  magnified,  showing  the  characters  of  the  Schneiderian  folds. 
X  90  diam. 

Fig.  26.— The  left  gill  from  fig.  24  more  highly  magnified,  showing 
histological  characters  of  the  gill  folds,     x  90  diam. 

Figs.  27  and  28.^Sections  from  a  dog^  embryo  about  stage  o,  showing 
resemblance  between  gills  and  Schneiderian  folds  at  a  rather  later  period. 
X  90  diam. 

Fig.  27.-^Through  Schneiderian  folds. 

Fig.  28.— Through  gill. 

Fig.  29.— Transverse  section  through  the  anterior  extremity  of  the  head 
of  a  trout  embryo  on  the  twenty-seventh  day  after  fertilisation  of  the  ova, 
showing  forebrain,  olfactory  pits,  and  on  the  left  side  the  olfactory  nerve. 
Picric  acid,     x  56  diam. 

Fig.  30. — ^Lonfi;itudinal  and  vertical  section  through  the  head  of  a  trout 
embryo  on  the  thirtieth  day,  showing  mid-  and  hindbrams,  roots  of  visceral 
arches  and  clefts,  and  the  olfactory  pit.    Picric  acid,     x  56  diam. 

JE^G.  31. — ^Transverse  section  through  the  anterior  extremity  of  the  head 
of  a  salmon  embryo  about  the  time  of  hatching,  showing  olfactory  pits, 
trabecular  plate,  and  anterior  prolongations  of  the  buccal  cavity.  Chromic 
and  osmic  acids.     X  27  diam. 

Fig.  32. — ^Transverse  section  through  the  forepart  of  the  head  of  a 
salmon  embryo  about  a  week  after  hatching,  showing  forebrain,  eyes, 
olfactory  pits,  and  paired-anterior  diverticula  of  the  bu(^  cavity.  Picric 
acid.     X  27  diam. 

Fig.  33. — ^Transverse  section  through  the  forepart  of  the  head  of  a  salmon 
embryo  two  days  after  hatching,  showmg  forebram,  and  on  the  left  side  the 
eye,  on  the  right  the  olfactory  nerve  and  organ.  Chromic  and  osmic 
acids.     X  35  diam. 

Figs.  34  and  35. — ^Longitudmal  and  vertical  sections  through  the  head  of 
a  salmon  embryo  of  the  same  age  as  that  in  the  preceding  figure.  Chromic 
and  osmic  acids,     x  27  diam. 

Fig.  34. — Section  taken  close  to  median  b'ne,  showing  root  of  olfactory 
nerve,  optic  nerves,  infundibnlnm,  and  anterior  prolongation  of  buccal 
cavity. 

Fig.  35.— More  superficial  section,  showing  olfactory  pit,  eye,  pharynx 
with  its  branchial  arches,  and  the  anterior  prolongation  of  the  buccal 
cavity. 

Fig.  36. — ^Longitudinal  and  vertical  section  through  the  forepart  of  the 
cerebral  hemisphere,  the  olfactoiy  lobe  and  olfactory  nerve  of  a  twelve-day 
chick  embryo.    Picric  acid,     x  17  diam. 

Figs.  37,  39  — Transverse  sections  through  same  region  as  preceding 
figure  in  a  twelve-day  chick  embryo.    Picric  acid,     x  17  diam. 

Fig.  37. — ^Through  the  olfactory  nerve. 

Fig.  38. — ^Through  the  olfactory  lobe. 

Fig.  39. — Through  the  anterior  part  of  the  cerebral  hemisphere. 
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EXPLANATION  OP  PLATES  XV,  XVL 

Illustrating  Mr.   E.  T.  Newton's  paper  on  the   Brain  of 
the  Cockroach,  Blatta  orientalis. 

All  the  figares,  except  Nos.  S  and  4,  drawn  with  camera  hicida. 

Refebsnc£s. 

hs.  Hemisphere  of  brain.  e.  Facetted  eye.  ant.  Antenna.  .  an.. 
Antennary  nerve.  /.  Labrum.  tos.  White  spot.  nws.  Nerve  to 
white  spot.  op.  Optic  nerve  or  ganglion.  anl,  Antennary  lobe. 
anm.    Nerve  to   antennary   mnsde.         /^,    Frontal   ganglion.  In: 

Nerve   to  labrum.  oe,    (Esophagus.  mn.    Nerves  to    mandible. 

ms.  Nerves  to  maxillae.  Un.  Nerves  to  labium.  inf,  g,  Infra-(Bso-. 
phageal  ganglion.  o.  com,  (Esophageal  commissure.  b.  com.  Com- 
missure to  body  ganglion.  nf.  Nerve  to  nrascles  (?)  near  foramen 
magnum.  a.  sig.  Anterior  stomato-gastric  ganglion.  p.  stg.  Posterior 
stomato  -  gastric  ganglion.  Jh.  Median  nerve  from  frontal  ganglion. 
a.  com.  Antennary  commissure.  /.  Trabecula.  p.  Peduncle.  icx. 
Inner  calix  of  corpus  fungiforme.  ocx.  Outer  calix  of  corpus  fungiforme. 
cxc.  Cells  of  calix.  c.  Corpus  centrale.  eau.  Cauliculus.  go. 
Ganglionic  cells.  nfg.  Nerve  from  cesophageal  commissure  to  frontal 
ganglion  and  labrum.        «.  Nerve  from  back  part  of  antennary  lobe. 

PLATE  XV. 

Fio.  1.  -Front  view  of  head,  x  25  diameters.  Chitin  partly  removed  to 
show  position  of  brain  and  general  relation  of  parts. 

Fig.  3. — Side  view  of  brain,  with  infra-cBsophageal  ganglion,  x  25 
diam. 

Fio.  3. — Infra-oesophageal  ganglion,  seen  from  behind,  with  nerves  to  the 
mouth  organs.     X  25  diam. 

Fio.  4. — The  brain  and  stomato-gastric  ganglia  seen  from  above.  The 
latter  resting  on  oesophagus.     X  25  diam. 

PLATE  XVI. 

Figs.  5  to  10. — Frontal  sections  of  brain,  selected  from  a  series  of  34 
made  from  one  specimen,  x  60  diam.  Fig.  13  represents  the  entire 
section ;  in  the  others  only  one  half  is  drawn. 

Fig.  5. — Section  No.  2  from  front,  showing  the  cauHeulm  covered  by  the 
oelis  of  the  ealieet. 
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EXPLANATION  OF  PLATE  XYl^CantiMued. 

Fio.  6.^Section  6»  shows  eaulieulits,  irabeeula,  the  commencement  of  the 
peduncle,  portions  of  the  ealiees  and  their  cells,  &c. 

Fio.  7.-"Seotion  10,  shows  the  eaulieului  becoming  reduced  in  size»  the 
pedunele  increasing,  and  the  ealiees  becoming  deeper. 

Fig.  8. — Section  18,  shows  the  eauHeuK  almost  obsolete,  the  peduncle  on 
each  side  joining  the  outer  ealix^  and  the  calicee  yerjr  deeply  curved. 

Fio.  9. — Section  20.  The  pedunele  is  lost  as  well  as  the  eaulieulut,  and 
the  trahecula  is  much  smaller. 

Fio.  10.— Section  24.  A  portion  of  only  one  ealix  is  seen.  The  irabecula 
still  remains. 

Fig.  11. — Corpus  eentrale  from  section  14,  for  comparison  with  the  same 
structure  in  Sections  13  and  20. 

Fio.  12.^*A  portion  of  a  ccdix  {ex,)  from  Section  15|  to  show  the  call* 
oniar  cells  and  fibres,     x  250  diam. 

Fio.  13. — Ganglionic  cells  from  Section  24,  showing  the  granular  con- 
tents passing  into  the  fibres,     x  250  diam. 

Fio.  14. — Small  portion  Of  network  of  fibres  from  the  lower  part  of 
peduncle,  x  620  diam.  In  the  upper  part  (A pedunele  the  meshes  become 
more  elongated,  in  the  irabecula  and  eaulieulut  they  are  less  elongated  and 
more  regular. 

Fio.  15. — ^Yiew,  from  the  inner  side,  of  the  irabecula,  eauliculus,  peduncle^ 
and  ealiees  of  the  right  side  of  the  brain,  separated  from  all  the  surrounding 
parts.    This  figure  is  taken  from  the  model  mentioned  in  the  text  (p.  350). 

Fio.  16. — Ditto,  seen  firom  abore. 

Fio.  17.— Ditto,  seen  from  the  front. 
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DESCRIPTION  OP  PLATE  XVII, 

Illastrating  Surgeon  T.  R.  Lewis's  paper  on  the  '^  Micro- 
phytes of  the  Blood/'  The  developmental  stages  of 
Organisms  found  in  the  Blood  pf  Healthy  Animals 
shortly  after  death. 


Fxo.  1.— A  traoing  of  bacilli  from  a  miora-pho^raph.  Magnified  1100 
diameters. 

Fio.  2.— Growth  of  ditto  into  long  filameita.    Magnified  600  diameters. 

Fig.  3.— Formation  of  *  spores '  in  ditto. 

Fig,  4.— The^ filaments  hariog  become  nearly  invisible,  the  'spores'  only 
are  seen,  arranged  linearly.    Magnified  600  diameters. 

Fig.  5. — Isolated  'spores'  in  the  condition  sometimes  described  fis  "ger- 
minating." Magnified  1000  diameters  (fig.  0»  b,  magnified  SOOO 
diameters). 

Fig.  6--8.— The  deyelopmental  stages  of  a  bacillus  below  the  arerage 
dimensions.    Magnified  1000  diameters. 

Fig.  9.— Bacilli  abcioe  the  averaffe  dimensions.  One  white  and  two  red 
blood-corpnscles  are  outlined  in  the  figure.    Magnified  1000  diameters. 

Fig.  10.— Ditto,  showing  growth  into  filan^uts.     Magnified  1000  dia- 
•  meters. 

Fig.  ll.-*Ditto,  subsequently  undergoing  fission.  Magnified  1000  dia- 
meters. 

Fig.  13. — Spore-like  bodies  which  formed  in  a  portion  of  the  fikunents 
delineated  at  fig.  10.    Magnified  1000  diameters. 
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EXPLANATION  OF  PLATE  XVIII, 

Illustrating  Dr.  Klein's  Memoir  on  the   '*  Glandular  Epi- 
thelium and  Division  of  Nuclei  in  the  Skin  of  Newt.'' 

Fio.  1. — ^Part  of  a  large  saccular  gland  of  tail  of  newt,  a,  epithelial  cells 
(near^t  the  duct)  Qlled  with  fat  globules ;  d,  epithelial  cells,  one  part 
of  which  contains  large,  highly  refractive  granules ;  <?,  cells  indicated 
merely  in  outline.    Drawn  on  Crouch's  small  stand,  with  his  \  obj. 

Figs.  2,  3,  4,  5,  6,  and  7  represent  giant  nuclei  of  the  epithelial  cells  lining 
the  above  glands,  examined  fresh  on  the  warm  stage  on  Crouch's 
small  stand  with  Zeiss's  E  obj. 

Figs.  4  and  7  represent  nuclei  in  the  stage  of  division. 

Figs.  8 — 35  are  nuclei  of  the  deep  layer  of  (columnar)  epithelial  cells  of 
the  epidermis  of  the  tail  of  newt. 

Figs.  8 — 25  and  Fig.  33  show  the  outlines  only  of  the  respective  epithelial 
cells. 

Figs.  8  and  9  represent  ripe  nuclei,  t.  e,  nuclei  possessed  of  a  limiting 
membrane,  a  uniform  dense  network  with  dots  (fibrils  viewed  in  sec- 
tion), and  a  pale,  transparent  interstitial  substance. 

Figs.  10, 11, 12,  and  13  represent  nuclei,  in  which  the  fibrils  of  the  intra- 
nuclear network  become  twisted  and  convoluted,  and  arranged  more 
or  less  in  the  shape  of  a  'basket.'  The  nuclear  membrane  has 
become  indistinct. 

Figs.  14, 15, 16, 17, 18,  and  19  represent  nuclei,  in  which  the  fibrils  have  be 
come  so  arranged  that  they  are  radiating  towards  the  centre, '  wreath,' 
and  single  star,  monaster.    A  nuclear  membrane  is  not  present. 

Figs.  20,  21,  and  22  show  nuclei,  in  which  the  network  of  fibrils  has  be- 
come arranged  as  a  double  star,  dyaster.  The  nuclear  membrane 
is  not  present. 

Figs.  23,  24,  and  25  show  daughter  nuclei,  t.  e.  after  the  mother  nucleus 
has  divided. 

Figs.  8—15  and  18—25  drawn  with  Zeiss's  B. 

Figs.  16  and  17  with  Zeiss's  oil  immersion,  -^  obj. 

Figs.  26 — 32  show  nuclei,  dividing  by  simple  cleavage. 

Figs.  33—35  show  dividing  nuclei,  in  which  the  network  had  arranged 
itself  as  in  the  former  cases  when  nuclei  are  going  to  divide  after  the 
indirect  fashion ;  but  the  division  is,  after  all,  after  the  direct  manner 
of  cleavage. 

Figs.  26—35  drawn  with  Zeiss's  E  obj. 
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JOURNAL  OP   MICROSCOPICAL  SCIENCE. 


DESCRIPTION  OF  PLATE  XIX, 

Illustrating  Mr.  P.  M.  Balfour's  paper  on  the  ''Early 
Development  of  the  Lacertilia,  together  with  some 
Observations  on  the  Nature  and  Relation  of  the  Pri- 
mitive Streak/' 

Complete  List  of  Reference  Lettere, 

m.g.  Medullary  groove.  me.p,  Mesoplastic  plate.  ep.  Epiblast. 
hy.  Hypoblast,  eh',  Notochordal  thickening  of  hypoblast.  eh,  Noto- 
chord,  ne,  Neurenteric  canal  (blastopore),  pr.  Primitive  streak,  am. 
Amnion. 

Sbeies  a. — Sections  through  an  embryo  shortly  after  the  formation  of  the 
medullary  groove.     X  120.' 
Fig.  1. — Section  through  the  trunk  of  the  embryo. 
Figs.  2 — 5. — Sections  through  the  neurenteric  canal. 
Fig.  b. — Surface  view  of  a  somewhat  older  embryo  than  that  from  which 
Series  a  is  taken.     X  30. 

Sebibs  b.— Sections  through  the  embryo  represented  in  Fig.  b.     x  120. 

Fig.  1. — Section  through  the  trunk  of  the  embryo. 

Figs.  2,  3.— Sections  through  the  hind  end  of  the  medullary  groove. 

Fio.  4. — Section  through  the  neurenteric  canal. 

Fig.  5. — Section  through  the  primitive  streak. 
Fig.  c— Surface  view  of  a  somewhat  older  embryo  than  that  represented 
in  Fig.  B.     X  30. 

^  The  spaces  between  the  layers  in  these  sections  are  due  to  the  action 
of  the  hardening  reagent 


Digiti 


zed  by  Google 


Digiti 


zed  by  Google 


Digiti 


zed  by  Google 


Digiti 


zed  by  Google 


Digiti 


zed  by  Google 


St 


Digiti 


zed  by  Google 


JOURNAL  OP  MICROSCOPICAL  SCIENCE. 


EXPLANATION  OF  PLATES  XX  AND  XXI. 

Illustrating  the  Memoir  on  some  Points  in  the  Early 
Development  of  the  Common  Newt  {Triton  taniatug), 
by  W.  B.  Scott,  B.A.,  and  Henry  F.  Osborn,  B.A. 

With  the  exception  of  fig.  1  the  following  figures  were  drawn  with  a 
Zeiss*  A  objectife.  In  figs.  2,  8,  4,  5,  a  No.  2  (Zeiss)  eyepiece  was  used, 
and  for  figs.  6  and  7  a  No.  3  eyepiece. 

EXPLANATION  OF  PLATE  XX. 

List  of  Kepebences. 

ep.  Epibbist.  ep\  Lrner  byer  of  epiblast.  yk.  Yolk.  Ay,  Hypo- 
blast.  in.  hy.  Liyagination  hypoblast.  y.  hy.  Yolk  hypoblast.  m, 
Mesoblast.  sp,  Splanohnopleore.  so.  Somatopleure.  aL  Alimen- 
tary canal.  nc.  Neural  canal.  ch.  Notochord.  m,g,  Mednllary 
groove.        mf.  Medullary  folds. 

Fio.  1.— Longitudinal  section  of  an  embryo  at  time  of  commencement  of 
inyagination.  Hartnack  No.  7  obj.,  eyepiece  3.  It  shows  one  of  the 
earliest  stages  of  the  epibbist. 

Pig.  2. — ^Represents  a  longitudinal  section  of  a  Triton  embryo  (probably 
enstatus)  in  the  early  part  of  Stage  ▲.  At  the  opening  of  the  blastopore 
the  section  is  in  the  median  line.  It  slants  off  forwards,  however,  to  pne 
side,  and  therefore  out  of  the  region  of  the  alimentary  canal.  It  shows 
the  formation  of  the  invagination-hypobUst  and  the  confused  mass  of  cells 
arising  from  the  reflection  of  the  epiblast. 

Fig.  3. — A  section  of  the  same  embryo.  It  may  be  considered  the  re- 
verse of  the  last.  At  the  blastopore  it  is  at  one  side  of  the  median  line, 
while  anteriorly  it  is  directly  in  the  median  line.  This  obliquity  explains 
the  apparent  upgrowth  of  yolk-cells  in  the  centre.  Putting  this  and  the 
previous  section  together,  a  fair  idea  may  be  obtained  of  the  actual  relation 
of  the  layers  at  this  period.  It  illustrates  the  formation,  of  mesoblast 
by  invagfautioni  and  the  obliteration  of  the  segmentation  cavity  by 
the  advance  of  the  alimentary  oanal.  The  blastopore  has  been  artificially 
widened. 

Pzo.  4.— *An  anterior  transverse  section  of  an  embryo,  at  Stage  ▲,  slightly 
more  advanoed  than  the  previous  one.  It  shows  the  shallow  medoilary 
groove,  the  lateral  plates  of  mesoblast  extending  half  way  down  the  sides, 
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EXPLANATION  Of  PLATE  XlLr-'Coniiimd. 

also  the  invagination-hypoblast  aboye^the  alimentary  canal  oontinnons  at  the 
sides  with  the  yolk  hypoblast. 

Fig.  5. — ^A  transverse  section  through  the  head  region  of  an  embryo  of 
Stage  B.  It  shows  the  splitting  of  the  mesoblaot  and  the  formaHoo  of  the 
medullary  plate  and  notochord. 

Fie.  6. — A  transverse  section  through  the  trunk  region  of  an  embryo  at 
Stage  c,  showing  a  sb'ghtly  more  advanced  development  than  the  hist. 

Fig.  7. — Eepresents  a  transverse  section  through  the  anterior  trunk 
region  late  in  Stage  b. 

EXPLANATION  OP  PLATE  XXI. 

List  of  Rsubskcis. 

op.  Optic  vesicle.  pp.  Head  cavities  (numbered  in  order  I,  2,  &c.) 
ve.  Viscera]  clefts.  aa.  Aortic  arches  and  auditory  vesicles.  eb.  Ex- 
ternal branchia.  mb.  Mid  brain.  kb.  Hind  brain.  th.  Thyroid 
body*  al.  Alimentary  canal.  ep.  Outer  layer  of  epiblast.  ep\  Inner 
layer  of  ditto.    Zeiss.  A,  obj.  oc.  No.  9,  except  for  figs.  9, 16,  and  17. 

Fig.  8.— Another  transverse  section  in  the  middle  region.  This  section 
is  cut  obliquely,  so  that  the  lateral  and  vertebral  plates  of  mesoblast  do  not 
appear  continuous  with  the  mesobUst  lining  the  sides  of  the  embryo ;  it  gives 
therefore  at  first  sight  a  false  impression. 

Fie.  9.««»Enlarged  view  of  the  lateral  epiblast  of  fig.  6.  Z^s  D,  otul. 
8*    0.  One  point  of  ceU  division. 

Fig.  10.— Horizontal  longitudmal  section  through  the  head  of  an  embryo 
of  Stage  V.  The  section  is  slightly  oblique,  and  henOe  onsymmetricaL  It 
shows  the  unsegmented  head  cavity. 

Fie.  H.^aYertieal  longitudinal  section  through  the  head  of  an  embryo  of 
Stage  K,  showing  the  relations  of  the  head  cavities^  aortic  arches,  and  gill 
olefts ;  it  is  taken  too  much  at  the  side  to  show  the  thyroid. 

Fig.  12.— Transverse  section  through  head  of  an  embryo  of  Stage  i. 

FiGi  IS.i^Transverse  section  of  head  of  embryo  Very  slightly  older  than 
the  preceding  figure. 

Fie.  14.*MSeotion  through  the  same  embryo  as  fig*  12,  but  eonsidoMbly 
further  forwards. 

Fie.  16«^Transverse  section  through  the  head  of  an  embryo  of  about 
Stage  M. 

Fie.  16.-*->Extemal  drawing  of  an  embryo  of  Stage  o.  #.  r.  BinuA 
rhombdidalis. 

Fig.  17.**>Extemal  drawing  of  an  embryo  of  Stage  i.  o.  Oral  invo« 
lutiOli. 
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JOURNAL    OF   MICROSCOPICAL  SCIENCE. 


DESCRIPTION  OP  PLATE  XXII, 

Illustrating  Professor  Ray  Lankester's  Memoir  "  On 
the  Structure  of  Haliphysema/' 

Fig.  l.'^Saliphysema  Tumanomczii^  Bowerbank,  drawn  from  a  spe- 
cimen, placed  while  Hying  in  weak  chromie  acid  (^th  per  cent.)9  and  snbse- 
qnentl^  presenred  in  strong  alcohol,  pi.  Streaming  protoplasm  investing 
tnespicnla.  e$p.  Spicules  aerived  from  Esperia.  ren.  Spicules  derived  from 
Reniera. 

Fio.  2.— Protoplasmic  core  of  a  similar  specimen,  obtained  by  gently 
crushing  the  test.  The  core  as  drawn  is  a  restoration  of  a  specimen 
broken  mto  three  pieces.  It  is  somewhat /fa^/^w^i,  and  therefore  widened 
by  pressure.  Anteriorly  the  egg-like  homes  are  seen  embedded  in  the 
solid  protophism.  The  surface  of  the  core  is  grooved  or  ribbed  by  the 
longitudinally  placed  spicules  forming  the  test. 

N.£. — Figs.  1  and  2  are  magnified  135  times  linear. 

Fig.  3. — A  spicule  of  the  test  (derived  from  a  Reniera)  showing  invest- 
ment of  streaming  protoplasm,  n.  One  of  the  vesicular  nuclei.  From  a 
specimen  preserved  m  chromic  acid  followed  by  alcohol. 

Fig.  4.-- Egg-like  body ;  from  a  similarly  preserved  specimen  teazed. 

Fig.  5. — ^Vacuolated  protoplasm  and  large  and  small  corpuscles ;  from  a 
simibir  specimen. 

Fig.  6.— Egg-like  bodies  from  a  similar  specimen ;  one  is  in  the  process 
of  transverse  nission. 

Fig.  7. — ^Portion  of  the  protoplasm  showing  the  wall  of  cavities  in  which 
egg-like  bodies  were  embedded. 

Fig.  8.— Corpuscle  similar  to  those  of  fig.  5. 

Fig.  9. — Yacuolated,  reticular  protoplasm,  with  a  number  of  the  cha- 
racteristic vesicular  nuclei  embeddea.  From  a  chromic-acid-alcohol 
specimen,  teazed. 

Fig.  10. — Vesicular  nuclei  of  Haliphysema,  showing  various  forms  of 
collapse  due  to  the  action  of  reagents,  a,  b.  Still  spherical,  c.  Invagi- 
natea  hemisphere,  d.  False  appearance  of  transverse  septum  and  fission. 
e.  Lateral  view  of  d. 

Fig,  11. — Portion  of  the  core  of  a  specimen  hardened  in  ^  per  cent, 
chromic  acid,  followed  by  alcohol,  then  stained  with  hsmatoxvUn,  mounted 
in  oil  of  cloves  and  Canada  babam,  and  carefully  crushed  whilst  in  the  last- 
named  medium.  The  vesicular  nuclei,  darkly  stained,  are  seen  besides 
smaller  corpuscles,  c.  Cavity  from  which  a  vesicular  nucleus  has  been 
removed,    r.  Bidges  fitting  mto  the  interstices  of  the  test. 

N.B.«»Figs.  3  to  11  represent  the  objects  of  280  times  the  natural  size, 
linear. 
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EXPLANATION  OP  PLATE  XXIII, 

Illustrating  Professor  Ray  Lankeeter's  ''Description  of 
Lithamceba  discus,  noY.  gen.  et  sp.,  one  of  the  G^m- 
nomyxa.'' 

fis  l.'-^LiiktmcBba  dueu9  at  rest;  magnified  about  350  dinmeten.    n. 
nuoleos ;  cone,  conoretions ;  /.  food  matters ;  cv,  contractile  Tacuole. 

Fie.  9.— The  same  specimen  actirely  extruding  pseudopodia. 

Fio.  3.-*Anotlier  specimen  (less  magnified)  killed  hj  iodine  solution. 

Fio.  4.— Tiie  Tacuolar  structure  of  the  protoplasm,  as  seen  under    No. 
10  immersion  lens,  in  a  specimen  treated  with  osmio  acid  and  picro-carmine. 

Fig.  5.*The  angular  nucleus  and  its  iuTesting  membrane  after  the 
action  of  dilute  acetic  add. 

Fig.  6. — ^The  granular  cuticle  in  optical  section,  after  the  action  of 
iodine  solution. 

Fig.  7.— The  granular  cuticle,  surface  yiew,  after  the  action  of  iodine 
solution. 
Fig.  8.— -A  concretion  isolated. 
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